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SUMMARY

This report describes the preparation of: (a) diamantane, (b) exo-tetrahydro-
trl(cyclopentadtene), (c) the hydrogenated product of isomeriziendo, endo-
dl (norbornadlene) and some precursors of polyal kyldiamantanes- l-al-
excellent candidates for high energy hydrocarbon fuel formulations.

(a) Diamantane was prepared in a two-step process involving the hydrogen-
olysis of Blnor-S using a 5% rhodium catalyst at 2600C and 429 pslg to yield
96% tetrahydro Blnor-S. This intermediate was isomerized with aluminum chloride
at 65% to yield 75% "raw" diamantane which may be recrystallized from toluene
to obtain a 99% pure product.

(b) Trimers of cyclopentadiene were synthesized by heating endo-cyclopenta-
diene dimer at 1700-200C and autogenous pressures for 7-10 hours. Vacuum
distilling the resultant product isolated trimers boiling 115°C-1320C at 0.4 m
Hg which were 37% of the oligomeric mixture. These olefins were saturate using
60% nickel on Kieselguhr at 147 0C and 197 psig hydrogen to j'eld endo-tetra-
hydrotri(cyclopentadiene)s. The latter, with 9% aluminum chlorldefliconjunction
with hydrogen chloride, was isomerized at 00-200C to obtain an 81% yield of
"raw exo-tetrahydrotri(cyclopentadlene)s. This was purified by distilling
the fraction boiling at 81°-108°C and 0.04-0.09 mm Hg pressure.

(c) Isomerization of the endo, endo dimer of norbornadiene with 10 weight
percent acid-washed alumina at°-OMT1TC yielded olefins which may be fully
saturated using 10% nickel on Kieselguhr at 13°C and 100 psig hydrogen. This
product is a mixture of hexacyclic isomers having a melting point approximately
20C less than the unisomerized RJ-5.

(d) Cooligomerization of cyclopentadiene and methylcyclopentadiene was
accomplished by heating their commercial dimers at 1900C under autogenous
pressures. Trimers corresponding to C18 cooligomers were isolated from the
resulting mixture by vacuum distillation. Monomer and dimer decomposition
products, resulting from excessive vacuum distillation conditions, have been
recycled to subsequent dligomerizations to increase overall trimer yield.
The isolated olefinic trimers may be readily hydrogenated over a nickel on
Kieselguhr catalyst to produce saturated compounds which are precursors of
alkyl diamantanes.

ACCESSION for
AcclsiON fo wie Section
00C Buff Section E3

UNANNOUNCED [3
JUSTIFICATION

iAll



TABLE OF CONTENTS

SECTION PAGE

I. INTRODUCTION- OBJECTIVES AND BACKGROUND .................... 1I

A. Preparation of Diamantane -TaskI ...................... 1I

B. Preparation of exo-Tetrahydrotri (cycl opentadiene)-Task It 2

C. Preparation of Hydrogenated Product of Isomerized endo,
endo-Di(norbornadiene) - Task III ...................... 5

0. Preparation of Polyalkyliamantanes- Task IV ............ 6

11. EXPERIMENTAL DETAILS AND RESULTS .......................... 7

A. Preparation of Diamantane - Task I ...................... 7

1. Blnor-S, Precursor Purification ..................... 7

2. Binor-S, Hydrogenolysis with Pd/C ................... 7

3. Blnor-S, Hydrogenolysis with Rh ..................... 7

*4. Purification of Tetrahydro Binor-S with H2S04....... ..9

5. Isomerization of Tetrahydro Binor-S to Diamantane 9

a. Sulfuric Acid Catalyst......................... 9

b. Aluminum Chloride Catalyst..................... 10

6. Diamantane Purification ........................... 11

*B. Preparation of exo-Tetrahydrotri (cyclopentadiene)-Task 11. 12

1. Cyclopentadiene Oligomerization.................... 12

2. Isolation of Cyclopentadiene Trimers ................ 12

3. Hydrogenation of Cyclopentadiene Trimers............. 13

4. Isomerlzatlon of Saturated Cyclopentadiene Trimers. 13

a. Acidic Alumina Catalyst ....................... 13

b. Aluminum Chloride Catalyst..................... 14



TABLE OF CONTENTS - cont'd.

SECTION PAGE

5. Purification of Isomerized Tetrahydrotri-
(cyclopentadlene)s ....................................... i...1

C. Preparation of Hydrogenated Product of Isonierized
endo,-endo-Di(norbornadlene) - Task III................ 16

1. Olefin Purification ............................... 16

2. Isomerization of Olefin............................ 16

3. Hydrogenation of Isonierized Olefin.................. 17

4. Purification of Hydrogenated Product................ 17

0. Isomerizatlon Of C18 Tetrahydrotri(methylcyclopentadlene)-
Task IV-A........................................... 18

1. Cooligomerization of Cyclopentadiene - Methylcyclo-
pentadiene ...................................... 18

2. Isolation of CPD-MCPD Trimers ...................... 18

III. DISCUSSION OF EXPERIMENTAL RESULTS......................... 19

IV. CONCLUSIONS.............................................. 23

V. RECOMMENDATIONS.......................................... 26

REFERENCES .............................................. 82

vi



LIST OF ILLUSTRATIONS

SECTION
FIGURE REF. PAGE

1. Cut #13 of Btnor-S from P52-4869 (HKM 6-23-78(1)). IA;IIA1 27
2. Sample #1 of Binor-S Hydrogenolysis with Pd/C (HKM

6-23-78(1)). IA;IIA2 28
3. Sample #2 of Binor-S Hydrogenolysis with Pd/C (HKM

6-23-78(l)). IA;IA2 29
4. Sample #3 of Binor-S Hydrogenolysis with Pd/C (HKM

6-23-78(l)). IA;IIA2 30
5. VPC of 150 min. sample Binor-S Hydrogenolysis with

Rh. (HKM 7-26-78(l). IA;IIA3 31
6. VPC of 170 min. sample Binor-S Hydrogenolysis with

Rh. (HKM 7-26-78(l)). IA;IIA3 32
7. VPC of 190 min. sample Binor-S Hydrogenolysis with

Rh. (HKM 7-26-78(1)). IA;IIA3 33
8. VPC of Final sam le Binor-S Hydrogenolysis with Rh

(HKM 7-26-78 (1)). IA;IIA3 349. VPC of THBinor-S after H SO (HKM 7-13-78(l)). IA;IIA4 35

10. SD of CPD Oligomerizatiog (bJJ743117) IB;IIBl 36
11. VPC of TriCPD Isom. with Alumina (HKM 10-17-78(1)). IB;IIB4a 37
12. VPC of TriCPD Isom. with Alumina (HKM 10-17-78(1)). IB;IIB4a 38
13. VPC of TriCPD Isom. with Alumina (HKM 10-17-78(l)). IB;IIB4a 39
14. VPC of NXN THTriCPO (HKM 11-29-78(1)Chg.) IB;IIB4b 40
15. VPC of Isom. THTriCPD with AM 3 (HKM 11-29-78(1)

95 min. sample). IB;IIB4b 41
16. Cap. VPC of Isom. THTriCPD (HKM 11-29-78(1) Final). IB;IIB4b 42
17. Cap. VPC of Isom. THTriCPD (HKM 12-11-78(1)). IB;IIB4b 43
18. Cap. VPC of Isom. THTriCPD (HKM 1-4-79(1)). IB;IIB4b 44
19. TGA of Isom. THTriCPD (HKM 11-21-78(1)). IB;IIB4b 45
20. VPC of NBD NNDimer Charge to Alumina Isom.

(HKM 10-9-78(1)). IC;IIC2 46
21. VPC of NN=160 min. Isom. Sample with Alumina

(HKM 10-9-78(l)). IC;IIC2 47
22. VPC of NN=280 min. Isom. Sample with Alumina

(HKM 10-9-78(1)). IC;IIC2 48
23. VPC of NW4O0 mi. Isom. Sample with Alumina

(HKM I10978(I)). IC;IIC2 49
24. VPC of NN=1465 min. Isom. Sample with Alumina

(HKM 10-9-78(l)). IC;IIC2 50
25. VPC of NN=1720 min. Isom. Sample with Alumina

(HKM 10-9-78(1)). IC;IIC2 51
26. TGA of NN1790 min. Isom. Final Sample with Alumina

(HKM 10-9-78(1)). IC;IIC2 52
27. Simulated Dist. of CPD-MCPD Cooligomers

(HKM 3-9-79(1)). ID;IIDl 53
28. Simulated Dist. of CPD-MCPD Cooligomers

(HKM 3-2-79(I)). ID;IIDl 54

vii



LIST OF ILLUSTRATIONS (cont'd.)

SECTION
FIGURE REF. PAGE

29. Simulated Dist. of CPD-MCPD Cooligomers
(HKM 2-22-79(1)). ID;IIDl 55

30. Simulated Dist. of CPD-MCPD Cooligomers
(HKM 3-19-79(1)). ID;IIDl 56

31. TGA of CPD-MCPD Cooligomers (HK 3-19-79(1)). ID;IIDl 57
32. SD of CPD-MCPD Trimer Isolation (HKM 3-9-79(1)

Cut #4). ID;IID2 58
33. VPC of CPD-MCPD Cooli omer Decomposition Products

(HKM 3-9-79(1) Cut #7). ID;IID2 59
34. Melt. Point Determination of Diamantane via DSC

(HKM 8-21-78(2)). IIA;IIIA 60
35. SD of CPD-MCPD Cooligomerization from Decomposition

(HKM 4-12-79(l)). ID;IID2;IIID 61

v

viii



LIST OF TABLES

SECTION
TABLE REF, PAGE

1 Binor-S Hydrogenolysis with Rh IA;111A3 62

2 THB-S, H2sa4 Wash I1A4 63

3 Diamantane from THB-S IA;IIA5 64

4 Diauiantane from Binor-S IM;1A6 65

5 CPO oligomerization MUMI~ 66

6 Quantitative Examples of Isomerized i
THTri CPD Production IB;IIB 67

7 Cooligomerization of CPD-MCPD ID;lID 68

8 NN Isomerization with Alumina at 1800C IIC 69

9 Properties IIA,B,C 10

ix



LIST OF CHARTS

SECTION
CHART REF. PAGE

1 Distillation of Blnor-S (7/14/78 report) IA;IIAl 71

2 Mass Spectrogram of Sample #1 of Binor-S
Hydrogenolysis using Pd/C (HKM 6/23/78(1)) IA;IIA2 72

3 Mass Spectrogram of Sample #2 of Binor-S
using Pd/C (HK4 6/23/78(1)) IA;1A2 73

4 Mass Spectrogram of Sample #3 of Binor-S
using Pd/C (HKI4 6/23/78(1)) IA;1A2 74

5 SD of CPD Oligoners from EJJ743117
(HKM 10/13/78(l)) IB;IIB1 75

6 Distillation of CPD Oligomers (HKM
10/13/78(1 )V) IB;IIBl 76

7 Distillation of CPD Oligomers (HIKM
11/9/78(1)) IBj9IIBl 77

8 Mass Spectrogram of THTriCPD oil
remaining over HKM 11/29/78(1)
catalyst at the time HKJ4 11/30/78(l)
was charged with fresh THTriCPD IB;IIB4b 78

9 MS of Isom. THTriCPD (HKM 11/30/78(1)) IB;IIB4b 79

10 MS of Isom. THTriCPD (HKM 12/11/78(l)) IB;IIB4b 80

'11 MS of Isom. THTriCPD (HKI4 1/4/79(1)) IB;IIB4b 81

x



ABBREVIATIONS
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THTriMeCPD Tetrahydrotri(methylcyclopentadiene)
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THTriCPD Tetrahydrotri(cyclopentadiene)

Wt.% Weight percent

XN Norbornadiene exo, endo hexacyclic dimer

XX Norbornadiene exo, exo hexacyclic dimer

NXN endo, exo, endo

H2  Hydrogen

KCI-HOH A saturated solution of potassium chloride in water

HCl Hydrogen chloride gas

Rh Rhodium

oCH3  Toluene

Analytical:
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GC Gas chromatography

HP5830A Hewlett-Packard Model 5830A gas chromatograph

MS Mass Spectroscopy

SD Column chromatographic simulated distillation

VPC Gas Chromatography or Vapor Phase Chromatography

DSC Differential Scanning Calorimetry
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SECTION 1

INTRODUCTION

OBJECTIVES AND BACKGROUND

A. Preparation of Diamantane - Task I

Our objectives are to develop a commercially feasible procedure for the
preparation of diamantane and to produce three pounds of diamantane of
greater than 97% purity by this procedure.

The best available procedure for preparing diamantane has been employed,
i.e., hydrogenolyzing the two cyclopropane rings in heptacyclic Binor-S
and isomerizing the resultant pentacyclic hydrocarbon in a solvent of
methylene chloride with small amounts of aluminum chloride (1).

~:Catalyst AlC C 3

H2  CH2C12
Sol vent

Binor-S Tetrahydro Binor-S Diamantane

C 14H 16  C14H20  C 1 4 H2 0

Mass 184.27 Mass 188.30 Mass 188.30

Seven Rings Five Rings Five Rings

This approach to diamantane had previously been used at Suntech for preparing
small samples (2) and it appeared to be eminently suited for scale-up.

Early in 1977, a batch of well-over fifty pounds of Binor-S of gredter than
95% purity was prepared under contract with the U.S. Navy (3) in a Suntech

4 apilot-plant employing a novel, homogeneous catalyst system developed at
Suntech (4) under semi-continuous operating conditions of controlled heat
release. This excellent, high-yield reaction involved the double homo
Diels-Adler condensation of norbornadiene catalyzed by the system cobaltic
acetylacetonate-triphenyl phosphine - aluminum diethyl chloride:



I)

Toluene Solvent

Co(Ac Ac) 3

Al Et2CI Binor-S

At the completion of the dimerization reaction, the product was quenched
with brine and the toluene solution of Binor-S distilled to recover
crystalline Binor-S.

A sizeable retain of Binor-S in toluene solution from this preparation
was at hand. Distillation was required to separate Binor-S from the
solvent and dimerization catalyst residues. All Binor-S requirements
had been met from this source so that this material was available to the
program on a no-cost basis.

Hydrogenolysis of the cyclopropane rings in Binor-S has been extensively
studied in the literature (1,5). Recently at Suntech, a superior hydro-
genolysis catalyst consisting of 5% rhodium-on-alumina was found to open
the cyclopropane ring in neat, hydrogenated endo, endo dimer of norbornadiene
at 100 psi and around 1700 (6). This catalysthas-been selected for the
hydrogenolysis of neat Binor-S.

Tetrahydro Binor-S in solution with methylene chloride, on treatment with
small amounts of aluminum chloride, is rapidly and quantitatively isomerized
to diamantane at ambient temperature and precipitated as crystalline raw
diamantane. After quenching the entire reaction mixture with brine, the
diamantane is dissolved and recrystallized from ideal solvents. This
is sufficient to give diamanatane in greater than 97% purity.

B. Preparation of exo-Tetrahydrotri(cyclopentadiene)

(XTHTriCPD) - Task II

The objectives of this task were:

1. To define the conditions of maximizing the yield of crystalline endo,
tri(cyclopentadiene) (TriCPD) during the cracking and condensation of
dicyclopentadiene, and for isomerizing endo-THTriCPD by treatment with
aluminum chloride to a non-freezing missile fuel with viscosity, density
and net volumetric heat of combustion as close as possible to those of
conventional RJ-5.

2. To prepare one quart of the optimally isomerized exo-THTriCPD and to
obtain the required set of property data on this sample.

!2



The readily available endo, exo, endo isomer of THTriCPD (MP 48.94C
(7) ) is made by distiTliig Th-e tir1iiir fraction from the product of
heating dicyclopentadiene in a closed system at around 1700C, followed
by catalytic hydrogenation of the reaction mixture (8):

'~k 1 704C
system

Dicyclopentadiene Tricyclopentadiele Tetracyclopentadele Pentacyclopentadiene

C 1 H12  C1 5H 18  C 20 H24  C25 H30

Three Rings Five Rings Seven Rings Nine Rin~gs

H2

Catalyst (Ni -on-Kiesel guhr)

THTrICPD THTetCPD TPP

.C 15 22  C20H28  C25H34

Mass 202.33 Mass 268.43 Mass 334.53

M.P. 490C M.P. - 2050C ?

By adjusting temperature and heating time during cracking and con-
densing, the yield of trimer can be maximized.

3



Straightforward isomerization of endo-THTriCPD with aluminum chloride
at 0-200C in a solvent of methylene chloride has been shown to yield
a non-freezing mixture of isomers to which have been assigned the
fullowing tentative structures (9):

Decreasing

VPC Retention Tim6-

Peak #1 Peak #2 Peak #3 Peak #4

Endo-Exo-Endo Endo-Exo-Exo Exo-Exo-Endo Exo-Exo-Exo

M.P. 120°F ?? ?? ??

Starting Material

Structure Definite Speculative Speculative Speculative

It appears that the starting material (GC Peak #1) has the highest
viscosity and density of any of the isomers in the mixture. In order
to minimize viscosity, Peak #1 material may be isomerized practically

4 to extinction. Fortunately, at equilibrium at ambient temperature,
the concentration of Peak #1 isomer is very small, while those of
Peak #3 and #4 become predominant (10).

Isomerization of endo-THTriCPD with aluminum chloride at temperatures
above ambient has-b-een shown to induce ring-opening, probably forming
condensed cycloalkyladamantanes, which further lowers both viscosity
and density:

CH3

Isomerization Ring Opening

AlCl3 AlCl 3I

Endo-THTriCPD CH3

C15H22  Methyl-I,2-Tetramethylene-Adamantanes

Mass 202.33 C15H24

Five Rings Mass 204.34

Four Rings

4



Thus it appears that minimum ring-opening during isomerization to
extinction of the starting endo-THTriCPD is required to achieve the
high-energy objectives quoted above.

C. Preparation of Hydrogenated Product of Isomerized endo, endo-Di

(Norbornadiene) - Task III

The objectives of this task were:

1. To explore fully the synthesis of the hydrogenated product of isomerized
endo, endo-di(norbornadiene).

2. To prepare multi-gallon-size quantities of the optimum product.

3. To obtain pertinent property data on the optimum product. At Suntech,
Inc., a procedure has been developed for completely isomerizing the
endo, endo olefinic dimer concentrate by slurrying and heating this
materi'- with acidic alumina (11). Two preponderant product compounds,
isomeric with the endo-endo olefinic dimer, are formed with loss of thecyclopropane ring,-but WTEW the simultaneous formation of an additional

ring. The assumed structures of these isomers are:

Acidic

Alumina

Major Mino-
C14H 6 C14H 16  14 16

Six Rings Six Rings Six Rings

By varying reaction temperatures between 1700-2300C and by varying the
acidic alumina catalyst used, one can adjust the ratios of these major
and minor isomers. Also, as the conversion of starting material reaches
90%, small amounts of the olefinic dimer begin to form tetramer material
which is dense but viscous; the presence of which drastically raises
the viscosity of the isomerized product at ambient temperatures. If
desired, isomerized dimer may be separated from tetramer by vacuum
distillation. Hydrogenation of the isomerized, olefinic product is
rapid and complete with nickel-on-Kieselguhr catalyst at-hydrogen
pressures of 100 pisg and temperatures of 100-1300C. The hydrogenated,
isomerized dimers constitute a valuable, new blending agent for reducing
the freezing points of conventional RJ-5 or RJ-6 fuels.

5



0. Preparation of Polyalkyldiamantanes - Task IV

The objectives of this task were:

1. To convert the readily-available mixture of C18 THTri(MeCPD) s by
isomerization into a mixture of C18 tr-and tetrasubstituted poly-
alkyldiamantanes of complexity sufficient to preclude crystallization
at -650F.

2. To prepare at least one quart of optimum product.

3. To obtain proof that polyalkyldiamantanes constitute the bulk of the
product of isomerization.

4. To obtain a pertinent set of property data on the optimum product, as
well as on starting material.

The homogeneous Cl8 mixture of THTri(MeCPD) s is a readily-available
liquid made by heating commercial methylcyclopentadiene dimer in a sealed
reaction vessel at around 170% under autogeneous pressure. Without
removing the product from the reaction vessel, the product has been
hydrogenated in place at around 100 psig of hydrogen pressure by using
palladium-on-carbon or palladium-on-alumina catalysts. After complete
and distilled to separate trimer from dimer, tetramer and pentamer:

C31700C /
SCH 3  H CH / 'h CH CH,c 1oo N 7_.." ,+ " " ".! T CH3

Closed

System 3

C12  C18  C24

H2
Palladium Catalysts

" HCH

THTRiMeTRiCPD THTet(MeCPD)

C18H28  C24H36

Five Rings Seven Rings

6



SECTION II

EXPERIMENTAL DETAILS AND RESULTS

A. Preparation of Diamantane - Task I

I. Binor-S Precursor Purification

A quantity of Binor-S had been previously prepared at Suntech in a
semi-continuous dimerization of norbornadiene under Navy Contract
No. N60530-77-C-0021. From this quantity a portion was used as the
charge stock for preparing diamantane. In a single distillation at
atmospheric pressure, through a Sarnia Mark II Fractionating column
(70mm x 36", Podbielniak Helipak Packing), 29.4 lbs. of crude Binor-S
were fractionated into 20 cuts as shown in Chart 1. With the exception
of cuts 1 to 3, all fractions were colorless in the molten state and
became essentially completely crystalline at ambient temperature.
The distillation showed that Binor-S boils at 514°F (267.80C) and has
a specific gravity of 1.1310 at 60OF (15.560C).

2. Binor-S Hydrogenolysis with Pd/C

A portion of cut #13 (545.3 oz., 2.96 moles) of the above mentioned
fractional distillation (cf Chart 1) was hydrogenolyzed in a stirred
one liter Hastelloy "B" reactor employing 34 g. of 10% Pd-on-carbon
catalyst. As shown by the VPC scan of distillate Cut #13, Figure #l,
this starting material was 97 wt.% pure. Three samples were taken
during this hydrogenolysis to follow H2 absorption. Samples #1 to #3
were liquid at ambient temperature. Figures 2, 3 and 4 are ordinary
analytical vapor phase chromatograms (using a HP5830A instrument) and
charts 2, 3 and 4 are mass spectrograms of samples #, 2 and 3 re-
spectively. In Figure 2 the peaks with retention times of 35.15 and
36.18 minutes correspond to the hexa- and penta-cyclic products of one
and two cyclopropane ring-openings per Binor-S molecule and each of
these peaks may be composed of two isomers.

Sample #1, a relatively mobile liquid at ambient temperature, did
not crystallize after three weeks of storage as a glass at dry ice
temperatures. Sample #3 did crystallize within one week of storage
under these conditions. The density of sample #3 was 1.0658 @ 200/40,
its viscosity at 100OF was 14.51 cs and its net heat of combustion
was 159,389 btu/gal.

3. Binor-S Hydrogenolysis with Rhodium

Four "large-scale" reactions were made with rhodium catalyst to prepare
sufficient tetrahydro Binor-S for synthesizing the three pounds of
diamantane called for in Task I of this contract. The catalyst
support was varied and the amount of catalyst necessary to achieve
the complete hydrogenolysis of the Binor-S' two cyclopropane rings
in a "reasonable" time interval was minimized.

7



With the first two reactions a 5% Rhodium on alumina catalyst was
employed and in the third and fourth reactions . . . a 5% rhodium
on carbon.

Typical of these reactions was run #HKM 7/26/78 (1). Here, 7.0g
(1.0 wt.% of Binor-S) of a 5% rhodium on carbon (Engelhard) catalyst
was charged to 700g of molten (700C), 97% pure (3.7M) Binor-S In a
one liter Hastelloy "B" batch type reactor. The reactor was sealed
and all air displaced by bubbling argon throuqh the liquid Binor-S.
Then the argon was displaced by hydrogen gas (H2). Reactor contents
were warmed to a maximum of 249C while stirring at 1200 rpm and the
gas pressure was controlled at a maximum of 430 psig. While warming,
the reactor was initially sealed-off from the H2 reservoir until hydrogen
absorption began. Hydrogenolysis began at 2040 and 390 psig, which
was 50 min. after beginning reactor heating and stirring; it was
rapid and without mishap.

Samples of reactor contents were taken at 150 min., 170 min., and
190 min. after introducing heat to the reactor. Sampling required a
slight loss of H2 since the sample line was coincident with the H2
inlet line. Heating and stirring were discontinued 7.5 hours after
applying initial heat. Then after slowly cooling overnight (16 hours),
the reactor liquid contents were filtered, producing a crystal clear
liquid product weighing 675g.

The following tabulation (Table 1) lists the conditions existing
during the formation of each sample from HKIM 7/26/78 (1).

TALE 1

Binor-S Hydrogenolysis with Ph

7-26 (1) Tim for T* T* Range Reactor P £Pf Absorbed Requirud Sinor-S

Savile t ouring Reaction CorinRection R.SMdc (Ol Charge
inutes (C) ON ) (PS5G) (Hes) Ceao s

1 100 204-245 390-410 1770-1500 •270 10.S-819 a1. 6 3.1

2 20 240-249 400 IS00-1190 * 310 8.9-711 0 1.8

3 20 246-249 400 190 -O M 9 7.1-5.3 1.8

Final 260 22-249 400-19 9W- 49s M 40 S.3-29 *

VPC Analyses of these samples are included with this report as Figures
5, 6, 7 and 8.
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4. Purification of Tetrahydro Blnor-S with H2S04

In purifying the THB-S, emphasis was placed upon removing trace amounts
of compounds still retaining an unhydrogenolyzed cyclopropane ring.

To accomplish this task, one part of THB-S was lightly shaken for
approximately two minutes with between 1 and 2 parts of 96% sulfuric
acid. After settling into two liquid phases, the supernatant upper
layer was filtered through "Celite" diatomaceous earth, producing a
crystal clear liquid; the spent, dark-russet sulfuric acid lower
layer was discarded. The purification resulted in a THB-S loss of
5.2 to 9.1 wt.%.

This purification technique was used with many THB-S isomerization
charge stocks but most isomerizations to diamantane were carried out
successfully upon neat, untreated, "unpurified" THB-S. Yields are
recorded in Table 2.

5. Tetrahydro Binor-S Isomerizatlon to Diamantane

a. Sulfuric Acid Catalyst

A few exploratory qualitative reactions were investigated using
concentrated (96%) sulfuric acid as catalyst to isomerize THB-S
to diamantane.

96% H2SO4
H2-Rh-,

Binor-S Tetrahydro- Diamantane
Binor-S

9
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One simple technique consisted of shaking 2.0 ml of hydrogenolyzed
Binor-S with .75 ml of concentrated sulfuric acid in a glass bottle
under argon at ambient temperatures. Shaking continued for two
hours with the formation of very little crystalline product (HKM
7/12/78(1)). In a second reaction (HKM 7/13/78(1)), 20 ml of
sulfuric acid was shaken 16 hours at ambient temperatures with
6 ml of hydrogenolyzed Binor-S. Upon settling, two liquid phases
separated: a lower russet acid layer and a crystal clear upper
layer which contained solid peach-colored crystals. These crystals
were washed with water, then with chilled dichloromethane until
they were white. They were then dissolved in n-pentane and analyzed
via VPC. Said scan, showing unidentified multiple products, is
displayed as Figure 9.

b. Aluminum Chloride Catalyst

Tetrahydro Binor-S was successfully isomerized to diamantane with
the Friedel-Crafts catalyst, Aluminum Chloride. Seven batch
reactions and four continuous reactions were performed upon both
H2SO4-scrubbed and neat THB-S.

In the continuous reactions, the reacting slurry was "pumped!' by
refluxing solvent into a thimble within a Soxhlet extractor atop
the reaction flask. The thimble strained solid diamantane from
the slurry and returned unisomerized THB-S and solvent to the
reaction flask.

One batch isomerization was HKM 9/29/78(1). Here, 600g of neat
THB-S, not scrubbed with H2S04, was stirred, under an Argon
atmosphere in a one liter erlenmeyer flask equipped with a con-
denser, with 200g of aluminum chloride (an excess AlCl3 was used to
test this catalyst parameter), in 300 ml of refluxing (40°-65°C)
dichloromethane at atmospheric pressure for 5.67 hours. The reacting
slurry gradually became dark brown in color as isomerization of
THB-S progressed. Crystals developed which floated upon the surface
of the reactor liquid. There was no excessive exotherm. After
discontinuing stirring and heating and allowing the AICl3 to settle
1/2 hour, the reactor supernatant was decanted through a Whatman
#1 qualitative paper filter, leaving in the flask the undissolved
AlCl 3 - on to which the filtered supernatant was redeposited in
order to increase diamantane yield. Then the filter cake of dia-
mantane was washed sequentially with 900 ml of chilled (100 C)
dichloromethane, one liter of water and 600 ml of methanol. This
resulting first crop of tan colored "raw" diamantane weighed 42.15g,
still damp with methanol. All of the filtered supernatant was
stirred with the remaining AIC13 an additional 64 hours at ambient
temperatures. This recycled filtrate was then also allowed to
settle 1/2 hour and the supernatant filtered. The filter cake was
washed with 400 ml of water and then 400 ml of methanol, and yielded
an additional 60 g of methanol-damp "raw" diamantane. Total yield
of dry "raw" diamantane from this reaction was 447.9 g or a yield
of 74.65%. There remained in the flask an estimated 85-110 g of
undissolved AlCl 3 .

Table 3 summarizes additional reactions of THB-S to diamantane.
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6. Oiamantane Purification

Seven separate runs were performed to purify > 3 pounds of dia-
mantane by recrystallization. Pentane, Hexane and Toluene (.CH3 )solvents were investigated.

A typical example of the technique used is HKM 10-2-78(1). Here,
392.1 g of dichloromethane-damp, "raw" diamantane from HKM 9-29-78(1)
was mixed at 24*C with 1500 ml of eCH , and the mixture stirred
and heated to induce OCH reflux. Heiting was continued for 2
hours to produce a oCH olution. This 2 liter §CH -diamantane
mother liquor was filtired hot through a coarse frihted glass fil-
ter funnel and the filtrate heated under an argon stream so as to
evaporate OCH , thereby condensing the volume to 1 liter. This
concentrated upernatant was allowed to cool slowly in 21*C ambient
surroundings for 16 hours. Large white crystals of diamantane
developed. The beaker and contents were then further cooled for
15 minutes in wet ice, and the diamantane crystals filtered from
the supernatant through a coarse fritted glass filter funnel.
Diamantane as a filter cake was subsequentially washed with 500
ml of -100C 4CH3 and 500 ml of -20

0C methanol. This initial
"crop" of diamantane was dried in air at 1100C to produce 237.3 g
of >97% pure product. Methanol and toluene washes were not mixed.
The supernatant filtrate plus the toluene wash from the first
recrystallization was further condensed to 750 ml and this mother
liquor was cooled by wet ice and filtered, as the first "crop",
to produce a second "crop" of 12.7 g of pure diamantane.
The final three pound sample of >97% pure diamantane exhibited
a melting point of 2450C by the Hoover "Uni-melt Capillary Melting

Point Apparatus" and a sample evaporated completely at 2550C with-
out leaving a residue in a Thermal Gravimetric Analyzer.

An encapsulated example of our finalized process for synthesizing
Diamantane from Binor-S is depicted in Table 4.and Table 9 describes
physical properties.
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B. Preparation of Exo-tetrahydrotri(cyclopentadiene) - Task II

1. Cyclopentadiene oligomerization

In the task of preparing multi-gallon quantities of endo-tetrahydro
tri(cyclopentadiene), five batches of cyclopentadiene-dimer were
thermally treated in a one gallon stirred reactor.

~i1~x1700*C

DICP TriCPD TetraCPD Penta CPD

Reaction times of 7 and 10 hours and temperatures ranging between
170 ° and 2000C were used to produce mixtures of tri, tetra and penta-
cyclopentadiene.

Table 5 summarizes CPD oligomerizations. A typical simulated dis-
tillation analysis of these oligomerizations (EJJ-743117) is included
as Figure 10 and Chart #5.

2. Isolation of Cyclopentadiene Trimers

Attemptsto separate the CPD oligomeric mixture into its respective
oligomers by varying heat gradients, ultrasonic treatments, and 2-
propanol and n-hexane extraction proved futile. Vacuum distillation
produced the only pure sample of CPD trimers.

A small scale scouting distillation was performed at 0.05 to 0.09 mm
Hg pressure using a magnetic stirring system and heating with an oil
bath. Two distillation cuts were taken from a 132 g charge. The
initial cut boiled at 28 - 400C and .07 mm Hg pressure; It was mainly
dicyclopentadiene (DCPD) and was 20% of the charged mixture. A second
cut boiled at 92 - 970C and 0.05 - 0.09 mm Hg pressure; it was mainly
Tri CPD isomers and made up 39% of the charged mixture.

Two larger distillations of CPD oligomeric mixtures were performed
to isolate the necessary quantity of trimer for contract requirements.
These scale-up fractionations used an electrical heating mantle to
supply heat to the still pot.
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One run (HKM 10/13/78(1)V) charged 2780.9 g of mixture and isolated
1000 g of CPD trimer, thus distilling all but 842.9 g of residual
oligomers from the pot. This residue was sent to Mr. G. W. Burdette,
Naval Weapons Center, China Lake, California, to be considered as a
high energy hydrocarbon fuel candidate for ramijets and rockets.

In the second large scale distillation (HKM 11/9/78(1)), 5329.9 g
of CPO oligomeric mixture was charged, and -1600 g of CPD trimer
was extracted when evidence appeared of decomposition of the o11-
gomers still remaining in the pot. CPD began to appear in the
distillation receiver and the distillation was discontinued. Charts
6 and 7 summarize the distillation data and properties of components
from these two large scale runs.

3. Hydrogenation of Cyclopentadiene Trimers

To saturate the isolated TriCPD, 629 g was charged to a stirred
Hastelloy "B" autoclave with 50 g (8%) of 60% nickel on Kieselguhr
catalyst (Harshaw Ni-0104)). This mixture was stirred for fourteen
hours while heating. The highest temperature throughout the run
was 1470C under a hydrogen pressure of 111-162 psig. The hydrogen
reservoir pressure drop indicated 98% saturation after six hours of
stirring. Olefinic saturation of samples was verified with mass
spectroscopy and gas chromatography analytical techniques. Upon
cooling to 300C the reactor contents were filtered through a Whatman
#1 qualitative filter paper, thereby remo,.ing the nickel catalyst and
producing 542 g of a crystal clear liquid -- which, upon standing
at ambient temperatures, solidified to a white waxy substance. With
a Hoover Uni-melt capillary melting point apparatus the melting
point of this final tetrahydrotri(cyclopentadiene) was estimated
to be 260C.

4. Isomerization of Cyclopentadiene Trimer

a. Using Acidic Alumina

Oni tangential scouting experiment was performed to assay possible
merits of using acidic alumina rather than AICl3 to isomerise CPD
trimers. Here in HKM 10/17/78(l), 2 ml of neat tri(cyclopentadiene)
from HKM 10/13/78 Cut #12 was heated for 8.2 hours with 0.2 g of
acidic alumina (Harshaw Al 1605P). During this time the mixture
temperature ranged from 1680 to 204*C. High resolution capillary
gas chromatographic scans as Figures 11, 12 and 13 show that some
conversion did result.
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b. Using Aluminum Chloride (AICI3)

A typical isomerization of the saturated cyclopentadiene trimers
was reaction HKM 11/29/79(1) where 200 g of THTriCPD was mixed
with 256 g of dichloromethane at 300C in a one liter three-
necked Morton flask equipped with an overhead stirrer. The
mixture was cooled to -100C; 30 g of AIC13 was added; the liquid
was saturated with hydrogen chloride gas for eight minutes by
bubbling said gas into the liquid, and, while stirring the resulting
mixture for 2.67 hours, the temperature was kept below 14C with
a cooling bath. Next, the supernatant was siphoned from the
settled AlC13 through a coarse fritted disc filter funnel.
Dichloromethane solvent was stripped away from the filtered
supernatant while gradually raising the temperature to 990C.
Then aspirator vacuum was applied to remove traces of solvent.
Invariably, two liquid phases separated upon removing solvent --

an upper oil product layer and a lower red sludge layer. The
supernatant oil was decanted from the sludge, scrubbed with an
equal volume of a saturated potassium chloride-water solution
(note: in a subsequent run, HKM 1/4/79(1), this decanted oil
was filtered through diatomaceous earth before washing it with
potassium chloride solution) and then filtered through a Whatman
#1 qualitative paper and diatomaceous earth (Celite) to produce
144 g of a clear faintly yellow liquid that remained fluid at
OoC.

Monitoring gas charmatographic scans of HKM 11/29/78(l) including
charge and final isomerized product, are included as Figures 14,
15 and 16.

In reaction HKI 11/30/78(1), where fresh THTriCPD and AlCl3 were
added to spent A1C13 catalyst from a previous reaction, (HKM
11/29/78 (1)) no interference was readily discernable.

A mass spectrographic scan of the residual isomerized THTriCPD
that had sat with A1C13 overnight is included as Chart 8 and a
mass spectrographic scan of the final isomerized product from
HKM 11/30/78(1) is included as Chart 9.

High resolution gas chromatographic scans and mass spectrographs
of other isomerization reaction products are depicted as
Figures 17 and 18, and Charts 10 and 11.
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5. Purification of Isomerized Tetrahydrotri(cyclopentadiene)

Purification of the final isomerized CPD trimers was achieved by
both clay percolation and vacuum distillation.

One particular distillation, HKM 12/14/78(l), was performed without
previously clay treating the raw isomerized THTriCPD. To this
distillation pot was charged 1041 g of raw isomerized CPD trimers.
Cut #1 withdrew a 29.2 g precut with 9.8 g escaping to a dry ice trap;
there was an 823.3 g middle-cut trimer in two portions as Cut #2
boiling @ 81*C - 1080C at .04 - .09 mm Hg and finally 28.5 g as Cut
#3 -- leaving a 139.5 g residue. The first portion of Cut #2 (455 g)
still contained trace dimer and was therefore redistilled. Cuts #2
and #3 were combined producing -826 g of trimers.

These were then percolated through 75 cc of serpentine clay (Florisil)
which clay discolored substantially.

Another trimer cut (162 g), HKM 1/9/79(l) from HKM 1/4/79(l) isomeri-
zation was also percolated through serpentine clay (100 cc or 47 g)
without discoloring the clay.

As has been cited and as will be mentioned again in the following
discussion, this trimer from HKM !/4/79(1) was percolated through
diatomaceous earth before scrubbing it with potassium chloride solution.
The final composite sample of isomerized tetrahydrotri(cyclopentadiene)
was percolated through serpentine clay as a final purification.

Table 6 summarizes quantitative examples of isomerized THTriCPD pro-
duction, and Figure 19 verifies the absence of significant polymers
by showing that all but 2.6% of a sample of isomerized THTriCPD
evaporates at 270*C under a nitrogen stream.

Table 9 presents isomerized THTriCPD physical properties.
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C. Preparation of Hydrogenated Product of Isomerized endo, endo-Di (Nor-
bornadiene) - Task III

1. Olefin Purification

Purification of the bright yellow olefinic endo, endo norbor-
nadlene hexacyclic dimer (NN') of traces of catalyst residues
presented more of a problem than the saturated analog (HNN)
since the olefin reacted violently with activated acidic fil-
trol clay, and also since it tended to desorb impurities in
percolation treatments.

When contacting the olefinic dimer, NN-, with 7.5 wt.% of super-
filtrol clay which had been dried for two hours at 100°C, a
violent exotherm occurred. This created dark color bodies and
resins which remained absorbed on the clay, and did not remove
the yellow discoloration from the starting olefin. Next, this
same batch of olefinic dimer was contacted overnight with a
90/100 mixture of unactivated Attapulgus and super filtrol
clays. No exotherm was evident but no apparent reduction of
the yellow color was found on filtering the clay from the li-
quid.

This batch of dimer was then percolated through 14.8 wt% of
basic alumina which had been dried one hour at 100°C. Again
no decrease in color was apparent. With the same aliquot of
dimer, percolation through 38.6 wt.% silica gel (dried one hour
at 147 0C) was then tried with no improvement evident. Finally,
the same batch of olefin was percolated through 21.8 wt.% of
100-200 mesh Florisil (Fisher F-l0l, Lot 735726 magnesium sili-
cate) in a 4.4 cm diameter glass column. The Florisil had pre-
viously been activated by heating for 1/2 hour at 145°C. The
olefin effluent showed a marked reduction in color.

2. Isomerization of Olefin

On stirring and heating a suspension of 10 wt.% of Acid-washed
alumina (Merck #71695 or Harshaw AlIlF5P) in the NN- concentrate
which had been almost completely rid of traces of catalyst by
percolation through Florisil, no reaction was found by VPC
monitoring until the temperature reached around 1600C. At 170-
190°C there began a moderately rapid formation of a complex
mixture of isomers having shorter Chromatographic retention times
than the starting material, and an orderly decrease in concen-
tration of charge persisted until the complete conversion of this
starting material. This was monitored by a Hewlet-Packard
5830A gas chromatograph as exemplified in figures 20-25.

During the reaction the Alumina developed a light orange color
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and the liquid became light yellow. Little conversion to low
molecular weight products of cracking took place. Thermal
gravimetric analysis indicated that all but 2 wt.% of one li-
uid product evaporated under a stream of nitrogen at 2700C.
Figure 26). At high conversions of the NN- dimer the visco-

sity of the product of isomerization was somewhat higher than
that of the starting material. Mass analysis of a sample of the
hydrogenated product shows an amount of tetramer with the ex-
pected mass of 370. VPC analysis of the olefinic product in-
dicated an array of at least five peaks, the formation of two
low-boiling peaks in preponderance, and essentially the complete
disappearance of the starting olefin.

This isomerization was scaled up in an experiment in which the
purified olefinic NN dimer under argon was treated with 10 wt.%
(of olefin) of acid-washed alumina (Merck #71695); the temper-
ature was gradually raised to a maximum of 1800C and the experi-
ment terminated after a total contact time of 19.8 hours. The
final olefinic product, containing less than 8% of the starting
NN olefinic dimer, had a density of 1.1237.

3. Hydrogenation of Isomerized Olefin

The isomerized olefinic mixture was completely and rapidly hy-
drogenated using 10 wt.% nickel-on-kieselguhr catalyst (Harshaw
Ni-0104P) at 100 psig of hydrogen and a maximum temperature of
1130C over a period of two hours. Filtration produced a clear,
pale yellow (-24 Saybolt) liquid which formed a glass but did
not crystallize on three day storage at -78*C. This material's
density was 1.1097 and the net heat of combustion 163,000 BTU/
gallon. Infrared analysis disclosed the absence of cyclopro-
pane rings, but mass analysis indicated that hexacyclic mater-
ial with a mass of 186 was the major constituent of the pro-
duct. Mass analysis also showed that a minor amount of tetra-
mer (CH, mass 370) had formed in approximately the ratio
of 100 Oah; of dimer to 15 of tetramer. This tetramer may ex-
plain why thermo-gravimetric analyses of the hydrogenated, re-
arranged products show higher contents of residual material
than HNN dimer; for example, one isomerization tested 13.5 wt.%
residue remaining at 270 0C.

4. Purification of Hydrogenated Isomerized NN

Final isomerized saturated endo endo hexacyclic dimer may
be purified by standard distillation or by percolating or con-
tacting it with adsorbant clays.

Distillation may be performed at atmospheric or reduced pres-
sures and such procedures are well known to those in the art.
Clay treatment may be performed by percolating the final liquid
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through a bed of, preferably neutral pH, adsorbants at ambient
or lower temperatures or by batchwlse stirring the final liquid
with such adsorbants.

In one contact treatment, HKM 4/20/78(1), 581.8 g of faintly yellow
saturated isomerized NN stirred under a hydrogen blanket for two
hours at 220C with a mixture of clays consisting of: 19.6 g acid
bentonite (Superfiltrol), 18 g silica gel, 18 g Attapulgus, and 18 g
of serpentine clay (Florisil). After settling 6 hours the supernatant
was filtered through a Whatman #1 quantitative paper to produce a
crystal clear liquid.

Physical properties of the final product are depicted in Table 9.

D. Isomerization of Cig Tetrahydrotri(Methylcyclopentadiene)s - Task IV, A

1. Cooligomerization of Cyclopentadiene and Methylcyclopentadiene (MCPD)

Quantities of cyclopentadlene-methylcyclopentadiene cooligomers were
produced by heatin; virious molar ratios of CPD and MCPD dimers for
approximately thirty hours in a batch-type, stirred, one gallon Hastelloy
"B" autoclave. Products of different consistencies resulted. Simulated
distillations sho'ing varied selectivities are included as Figures 27-30.
To determine whether high molecular weight polymers and resins were
produced, Thermal Gravimetric Analyses were made of final products.
Figure 31 illustrates the evaporation rate, under a nitrogen gas
stream, of these cooligomers to less than 3% resin at 3500C. Table
7 summarizes conditions and results of four such cooligomerizations.

2. Isolation of CPD-MCPD Trimers

Cooligomers from HKM 3/9/79(l) were fractionated using heat and vacuum
so as to isolate the trimers of cyclopentadiene - methylcyclopentadiene.
This distillation progressed well, separating monomers and dimers from
trimers, but then as the trimers diminished from the distillation pot,
and as the pot liquid temperature exceeded 1620C at 0.05 mm Hg pressure,
chemical "cracking" began in the pot, forming different compounds. A
pure trimer fraction was successfully isolated, claiming 94% of that
available according to simulated distillation analysis. This is shown
by the included SD scan of HKM 3/9/79(1) Cut #4, Figure 32. However,
in attempting to fractionate the higher boiling tetramers, decomposition
produced lower boiling monomers and co dimers as indicated in the enclosed
gas chromatographic scan of distillation Cut #7, Figure 33.

18



SECTION III

DISCUSSION OF EXPERIMENTAL RESULTS

A. Preparation of Diamantane - Task I

Starting with excess Binor-S from a previous U.S. Navy contract facili-
tated this diamantane preparation. Said Binor-S was easily purified by
distillation and readily hydrogenolyzed by a Suntech process using a
rhodium heterogeneous catalyst. Since two moles of hydrogen were re-
uired for each mole of Binor-S used in this hydrogenolysis, 7.6 moles
15.2 g) of hydrogen were expected to be absorbed in reaction, HKM

7-26-78(1). From 1770 psig (10.5 moles) of hydrogen initially in our
2.1 liter hydrogen reservoir, the pressure, as the reaction was termi-
nated, had decreased to 495 psig (2.9 moles) of hydrogen, exactly 7.6
moles absorption. This insinuates the complete hydrogenolysis of the
Binor-S'cyclopropane rings.

Steps were taken to eliminate any partially hydrogenolyzed Binor-S
(Mass 186) from some reactions by scrubbing hydrogenolyzed product with
sulfuric acid, but this extra step produced no observable advantage to
the process.

Sulfuric acid catalysis was also investigated as an avenue to diamantane
from tetrahydro Binor-S. This isomerization proceeded slowly but pro-
duced only trace positive results after shaking with THB-S overnight.
VPC analysis indicated one 70% isomer, probably diamantane, and another
22% isomer, possibly partially rearranged THB-S. Further investigation
was not deemed efficient time-usage in light of the slow conversion rate.
The aluminum-chloride-catalyzed tetrahydro Binor-S isomerization to dia-

mantane proved to be the best method available from "stated chemical
art". When constructing a process based upon the enclosed experimental
data, one should consider that solvent filtered from this isomerization
(HKM 8-7-78(1) ) may be recycled to subsequent reactions. It is also to
be emphasized that these isomerizations may be performed in a continuous
reactor. In one reaction (HKM 8-10-78(1) ), the AlCI catalyst was in-
creased to 35 wt. % of charged THB-S but 17.5 wt. % ACl3 performed as
well.

Purification of the "raw" diamantane was begun using solvents having
precedence in chemical literature. Other investigators have successfully
recrystallized diamantane from methylene chloride and n-pentane (1).

Our experience with these solvents indicates that they may create a
volume problem in a commercial process, since approximately 1500 ml of
refluxing methylene chloride was required to dissolve 100 g of "raw"
diamantane in a reasonable time.
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We then went on to recrystallize diamantane from n-hexane. One could
heat the solvent-solid slurry to 680C and achieve better solubility of
the "raw" diamantane (100 g diamantane/liter n-C ) in a reasonable time,
but the quantity of solvent was still regarded at excessive for a com-
mercial process.

Finally, toluene was tried as a diamantane solvent. Here, only 382 ml
of refluxing solvent (111"C) was necessary to dissolve 100 g of "raw"
dt amantane.

In attempting to determine the melting point of our purified diamantane
by DSC, at least three distinct endothermic peaks were produced rather
than one peak (Figure 34). Literature investigations revealed that as
some crystals are warmed, a rearrangement of crystal structure becomes
possible and this rearrangement absorbs heat - momentarily halting the
sample temperature increase - which then produces a DSC peak similar
to a melting-point peak (12).

B. Preparation of exo-Tetrahydrotri(cyclopentadiene) - Task II

The first step in producing THTriCPD, thermal oligomerization of CPD,
was straightforward and convenient. Isolating the sensitive trimer
oligomer, however, required certain precautions.

When vacuum-distilling heat-labile diolefins, such as tricyclopentadiene,
it is imperative that the distillation pot charge be heated uniformly
and that the quantity of oligomir mixture is small enough to allow ade-
quate heat transfer. Electrical heating mantles often contain areas
which exhibit non-uniform electrical resistance or non-uniform electrical
wire insulation, therefore, creating "hot spots". These "hot spots"
supply uneven heating to the distillation pot surface. As the distilla-
tion pot liquid thickens with higner molecular-weight oligomers, since
lighter compounds are distilled out, thermal homogeneity is more difficult
to maintain. Because of this, our scouting distillations made use of a
pot-liquid stirrer and uniformly-heating silicone oil baths with excellent
fractionation success.

Hydrogenating the isolated trimer diolefin was straightforward using the
commercial, economical, heterogeneous nickel on kieselguhr catalyst.
Hydrogenation was performed after isolating the diolefin so that the
olefin dimer might be recycled in subsequent oligomerizations to form
more trimer.

Isomerization of CPD trimers takes place heterogeneously on acidic alumina
or aluminum chloride. Alumina is less expensive and an easier-to-handle
catalyst but so much slower than ACl that we followed project proposal
plans and used AIC1 3 to prepare the riquired one-quart sample.

Commercial batch reaction processes should function well, allowing spent
catalyst sludge to accumulate in the reactor. When charging fresh
THTriCPD and AIC (KKM 11-30-78(1) ) to spent catalyst (from HKM
11-29-78(1) ), th re appeared to be no contamination interference.
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Percolati;g decanted, isomerized THTriCPD through diatomaceous earth
before scrubbing it with KCI-HOH solution seemed to eliminate discolor-
ing distillables that may become freed by scrubbing unpercolated, de-
canted T14TriCPD. HKM 12-14-78(1) final trimer-cut discolored serpentine
clay, but HK4 1-4-79(1) isomerized trimer was periated through diatoma-
ceous earth before scrubbing with KCI-HOH solution and the resultlng
trimers did not discolor serpentine clay.

Depending upon the specifications for the final isomerized TJ4TriCPD,
purification can be achieved by distilling a heart-cut of the "raw"
mixture of THTriCPD isomers or by percolating the "raw" mixture through
adsorbent clays.

C. Preparation of Hydrogenated Product of Isomerized endo,
endo-Di (Norbornadiene) - Task Ill

Alumina isomerization of NN= is a facile reaction. Excess charge stock
coptaminants may be removed with serpentine clays. In properly cleaned
NN concentrate, catalyst deactivation was not a serious problem and
the measurement of the kinetics of this reaction as a function of tenera-
ture and catalyst concentration should be straightforward. Temperatures
may be lowered and again raised to 180C during isomerizations without
product detriment.

In one isomerization, the amount of tetramer formed was indicated to be
a function of conversion of starting material by simulated distillation,
as shown in Table 8.

TABLE 8

NN2 Isomerization with Alumina at 180"C

Total Reaction Time
Minutes Conversion of NN % NBD Tetramer

180 10.0 2.1
545 59.3 5.9
965 80.4 6.2

After hydrogenating the isomerized NN=, using economical nickel on
kieselguhr catalyst, it may be purified either with adsorbant clays or
by distillation.

It is to be noted that distillation removes NBD tetramers which aid in
lowering melting points, increase heat of combustions, but also increase
viscosity. If one decides to retain these tetramers and purify the final
fuel by percolating it through adsorbant clays, then care should be
exercised so as to control the temperature of the clay-bed since high
temperatures, in conjunction with acidic clays, may initiate undesirable
Isomerization of even saturated compounds, especially any HNN present,
and also further oligomerizatlon.
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This process has recently been successfully scaled-up in Suntech's pilot-
plant facility to produce 400 gallons of isomerized saturated endo, endo
nexacyclic norbornadlene dimer for U.S. Air Force designees. (o aTfcatton
P00004 of Contract No. F33615-78-C-2037).

0. Isomerization of ClS Tetrahydrotri(Methylcyclopentadiene) - Task IV-A

Oligomerization of CPD-MCPD proceeded as well as the comparable CPO reaction
in Task II. MCPO seemed to be more thermally stable in our oligomertzations
than DCPD. In all four of our variable concentration oligomerizations,
the CPD dimer concentration in the final product was less than the MCK
dimer concentration.

Different reagent ratios gave different product consistencies but since
contractual constraints did not permit isolation of individual isomrs,
one cannot speculate as to their phase contribution. Increased MCPD dimer
in HKM 3/19/79(1) product may be the reason that it is a liquid at room
temperature.

Isolating the CPD-MCPD trimers by vacuum distillation progressed as well
as isolating the CPO trimers in Task II.

However, in attempting to fractionate the higher-boiling tetramers at 162*C
and .05 mm HG pressure, decomposition in the distillation pot produced
lower-boiling monomers and dimers (Figure 33). This precarious phenomenon
might be looked upon as a fortunate turn of events when one considers that
some of the higher molecular weight cooligomers may be purposely decomposed
and recycled, after isolating trimers, to form more trimers in subsequent
cooligomerizations.

To test this theory, 75.3 g of HKM 3/9/79(l) distillation, Cut #7, which
was decomposition product from the above-mentioned distillation, was stirred
and heated to 1740C for 54 hours in a glass Fischer-Porter pressure bottle
and the recovered 70.3 g of wax-like product displayed an analytical sim-
ulated distillation scan (Figure 35) quite similar to that produced from
initial cooligomerizations using commercial feed stocks (Figures 27-30).
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SECTION IV

CONCLUSIONS

A. Preparation of Diamantane - Task I

Binor-S may be quantitatively isomerized to diamantane by hydrogen-
olyzing the cyclopropane rings of Binor-S, with a 5% rhodium catalyst,
to tetrahydro Binor-S, and then isomerizing the tatrahydro Binor-S
with aluminum chloride to diamantane.

We have successfully employed a process where 1 wt.% of a 5% rhodium
on alumina (or carbon) is stirred at 1200 rpm at a maximum of 250'C
and 430 psig hydrogen pressure with neat Binor-S for 8 hours to pro-
duce tetrahydro Binor-S.

Then, one part by weight of ACl is charged to 3-6 parts of THB-S
dissolved in 10-20 parts of dich~oromethane. This mixture is stirred,
warmed to reflux, and held there for 6 hours. A "raw" diamantane
crystalline solid phase develops which v:*y be filtered from the super-
natant and recrystallized from 4 parts by weight of toluene to pro-
duce 97% pure diamantane.

B. Preparation of exo-tetrahydrotri (cyclopentadiene) - Task II

Isomerized cyclopentane trimer has been conveniently prepared from
cyclopentadiene dimer by oligomerizing CPD, isolating the trimer by
vacuum distillation, hydrogenating this oligomer, isomerizing it
with a Friedal-Crafts catalyst, and purifyine the resultant "raw"
exo-THTriCPD by percolating it through adsoroant clays or by vacuum
distillation.

Oligomerization is accomplished by stirring DCPD at 170°-200*C for
7-10 hours. The trimer may be extracted fiom the oligomeric mixture
at a 3250 - 3400C head temperature under .4 mm Hg pressure. This
diolefinic trimer may then be saturated by stirring it with 6 - 8%
Nickel on Kieselguhr catalyst at 128 ° - 147*C under 197 psig hydro-
gen pressure for 2.2 - 3.4 hours. To isomerize the resultant tri-
cyclopentane, it is dissolved in an equal weight of dichloromethane,
saturated with hydrogen chloride gas and stirred with 9 - 15 wt.%
AlCI at 00 - 200C for 3-9 hours. (Observations indicate that HCl
satuation increases isomerization rates but that solid AlCl should
be present and washed free of developing sludges with a solvint
such as dichloromethane for rapid isomerization continuation.)
Dichloromethane is stripped from the resultant oil, creating two li-
quid phases. The trimer bupernatant is decanted through diatomaceous
earth and then scrubbed with an equal part of saturated KCI-HOH
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solution. "Raw" exo-tetrahydrotri(cyclopentadiene) may be purified by
passing it througWT/6 its weight of serpentine clay at room temperature,
or by distilling at an 810-1080C head temperature under .04-.09 mm
pressure.

C. Preparation of Hydrogenated Product of Isomerized endo, endo-Di(Norbornadlene) -Task III

For this process clean norbornadiene NNw dimer and 5-15 wt.% of dry acid
alumina (Harshaw Al-1602 powder or tablets) are mixed together in a suitable
reactor at 24% and then deaerated with an inert gas such as nitrogen while
stirring. After deaeration the mixture is heated gradually under an inert
atmosphere to a temperature of 170*C, at which time the Isomerization rate
becomes noticeable. During this period some moisture may be driven off
some catalysts and means should be provided for its exclusion from the
reactor.

The reaction temperature should be increased until the desired isomeriza-
tion rate is reached or to a mazimum of 2300C. When the planned conversion
is obtained, 5-16 hours, the reactor may be cooled and the contents filtered.,

This isomerized olefinic mixture may be completely and rapidly hydrogen-
ated in much the same way as the fuel RJ-5. It is heated in a suitable
stirred reactor using 10 wt.% of nickel on Kieselguhr catalyst (Harshaw
Ni-0104P) at 115 psig of hydrogen and a temperature of 1150C.

When saturation is complete the reactor may be cooled and the contents
filtered - producing a final product. Should specifications require a
minimum viscosity, this final product may be distilled to eliminate trace
NBD tetramer.

To date, this approach is our most promising lead for converting NBD endo,
endo hexacyclic dimer into an operational fuel.

0. Isomerization of C18 Tetrahydrotri(methylcyclopentadiene) - Task IV A

Progress toward completing Task IV continued through: cooligomeriza-
tion of cyclopentadiene with methylcyclopentadiene; isolation of
the trimer cooligomer; to an investigation which recycled decomposi-
tion fractions of cracked cooligomer by-products to form additional
trimer cooligomers.

Various cooligomerization reactions were made, combining different
molar concentrations of MCPD dimer to CPD dimer. Our procedure con-
sisted of mixing molar ratios of 0.5-2.0 of MCPD dimer to CPD dimer
in a one gallon Hastelloy "B", stirred autoclave and heating under
an inert atmosphere and autogenous pressure to between 1900 and 207C
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intermittantly for 30-41 hours. These produced cooligomeric mixtures
containing from 41.2-43.6% CPD-MCPD trimers with less than 3% polymers
vaporizing higher than 3500C.

A trimer fraction was isolated via vacuum distillation by taking the cut
boiling from 350-110C at 0.04-0.13 mm Hg pressure. Unless it is desirable
to decompose higher molecular weight cooligomers, care must be exercised
to maintain the distillation pot diolefinic-liquid temperature below 162C
at 0.05 mm Hg pressure since under these conditions the cooligomers re-
maining in the pot begin cracking into smaller components. However, these
smaller components are CPD and MCPD monomerr dnd dimers which may be used
in subsequent cooligomerizations to make ,,ore trimers.
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SECTION V

RECOMENDATIONS

To further the cause of this project we suggest that more energies be devoted
to the preparation of hydrogenated products of isomerized endo, endo-Di
(norbornadlene) - Task 11I.

A small number of commercially available acidic aluminas have been found to
be active for this isomerization reaction, whereas several have proven to be
ineffective. It would be wise to determine what bestows activity to an
alumina and how to control this activity. Along this line, calcination
temperature and residual water content appear to be critical. Residual contents
of non-protonic cations on the surface of the alumina may be extremely detri-
mental to activity and this should be fully exdmined. Small amounts of silica
in the alumina may be beneficial. Type of alumina, surface areas and particle
size also warrant investigation, particularly with the intent of operating this
isomerization in a continuous, fixed-bed mode. Acidic molecular sieves, such
as 13-X, should be evaluated and compared with acidic aluminas. The effect
of temperature during isomerization in controlling isomer distribution should
be determined to enable the production of compounds of minimum freeze point.
Exact relations between extent of conversion of starting material and concentra-
tion of tetramer in the product should be determined at a number of isomerization
temperatures. Physical properties should be correlated with isomer distribution
in the hydrogenated products, major and minor isomers should be separated and
purified by crystallization at low temperatures from ether, and the ideal

* solution equilibrium freezing points versus mole fraction curves should be
determined for these compounds.

To improve our high energy fuels and understanding of their production we
recommend that more time be devoted to the isomerization of Cl8 tetrahydrotri
(methylcyclopentadiene) - Task IV.

During the preparation of THTri-MeCPD optimum conditions should be defined
for obtaining maximum yields of trimer. Complete sets of property data should
be obtained for the unisomerized, hydrogenated trimer since it is already a
complexed liquid mixture of largely endo-isomers with high viscosity and pour
point (13). These data should be compared with those of the isomerized products.
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Binor-S Cut #13 charged to 6-23-78 -.4 uz

5.35

22

334.2

b. 5833.6

RREA AREA

5. 35 337 6.9i22
2 .21 2743 8.1t79

,'34.5 2 1.487999 96.9231
36. 82 22148 1.o444

S31J.57 18378 8.676G
3?. 70 tar 8. 007

46.79 19660 8.691.

xFI 1.890 E* a

STIE"Pt t4t t43

VTnEt 27.9
RATE to. s
TEiP2 224
TIII2 30.9
IHJ TEMP 275 27S
TCD TEMP 2703 27U
AUX TEMP 150 t38

OVEN MAX 238

CHT SPD 0.39 27
ATTi 2? 7

Figure 1 OA'.7

10 'T IndS5S. U TEMP2" 230
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HKM 6-23-78(1) Sample #1 --.4 ut

START

" .39

25.98

:75. %536.18

41.81

tz

NREA %

RT AREA AREA X

XFs 1.188 E. a

TEPtPI 141 14t
TIME1 27.3
RATE 18.28
TEMP2 224
TIMEZ 38.I
tNJ TEMP 275 275
TCD TEMP 270 278
AUX TEMP t-O 158
OVEN SAX 230

CHT SPD 0.38
ATTH 21 7 28
TCV SGNL A
SLP SENS 0.07
AREA REJ I

Figure 2 FLO4 A 21
FLOY 8 19
OPT 7696
55.0 TEMPI 231



HKM 6-23-78(0 STRRr Sample #2 -. 6 utL

2g.4 7

36. 3?

F 41.894

t2

b,5838R

ARER

RT AUER fARER %

28.71 241500 15.215
31.42 77241 4.866
33.85 315102 19.52
34.79 263110 16.576
36.39 6889 43.345
41.84 2331 8.147
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TIMIEI 2790
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11J TEMP 275 Z73
TCJ TE79P 270 2;9
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Figure 3 SLP SENS 3.87AREA REJ I
FLOM A 2t
FLOW a 19
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HK 6-23-78(1) Sample #3 -.5 pt

STAPT

~28.16G

:35.79

4t.76

t2

br 5830

ARER %

RT AREA AREA €

28.16 213498 19.759
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RATE 10.0u
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nTTH 2t 7 30
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SLP .eHS B.7

FREAe REJ tFigure 4 FLOw A 21
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VPC scan of sample from Binor-S hydrogenolysis--HKMJ 7-26 (1) 150 Min.
STRRT

5.76

28.49

t2

bv 58"33R

AREAI %

RT AREA AREA Z

5.76 185 9.908
28.49 2271 9.191
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XF9 1.9999 E+ a
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TIMEr 2 .
RATE 10.9
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ATTH 21 7
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YpC scan of sample from Blnor-S hydrogenolysis-HlJ4 7-26(1) 170 min.

START

.77

33.2

2S..95

4p 5813 R

FREA .

RT AREA AREA %c
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TCD SGNL A 32
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vpc scan of sample from Binor-S hydrogenolysis--HKM 7-26(1) 190 min.

START

5.89

26.*79
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* t2

'~5838A

AREA %
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OVEN M-AX 239

CHT SPU 9.39
Figure 7 ATTH Zt. 7 3
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START VPC scan of sample from Binor-S hydrogenolysis-
HKM 7-26(l) Final

26.33

36. 54

t t

F2F

1J

bp 5939A
AREA %

RT AREA AREA %
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FLOW A 28Figure 8 FLOW B 29
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__START

Tetrahydro Binor-S "Isomerization" with Sulfuric AcidI ~HIK1 7-13-78(l) s3

A~rN 6 asolvent/

R2.2M 2t 66a

71..3

: ,, .38 Unidentified products

ta
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HKM 10-17-78(l) Cut #2. Cyclopentadlene Trimer Charge

63 Z----Oi!9
67.2 0.flua

172.9 0.05Y T
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P_1. 0.014

15 0.0 5
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HKI4 10-17-78(1) 60 minute sample Cyclopentadiene Trimers
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HK14 10-17-78 (1) 492 Minute Sample Cyclapentadiene Trimers
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HI 11-29 78(1) Charged TH TriCPD from 10-27 (1)

START

7.16
endo-DCPD

22.52

-,,edexo, endo-THTriCPO" , 32.39

* I

hp 5839R
NO METHOD

RT AREA RREA %

5.97 123 9.919
4.94 13780 1.078
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PATE 1.9
TEMP2 239
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TCD TEMP 273 279
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CHT SPD 9.39
ATTN 2f 7
TCD SGNL A
SLP SENS 8.97
ARER REJ I
FLOW A 21 40
FLOW 9 21

Figure 14 OPTN 3898
33.1 RATE 39.93
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HKM 11 29-78(1) THTriCPD 95 minutes after AIC13

1START
CH2 C 2 solvent

,= : 5.21

6.87
exo-OCPD.

18.61

Isomers of THTriCPD

endo ,exo ,endo-THTri CPD

tI 156 238

I.. 5,939R
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XF' 1.3999 E4 0
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TIMEI 22.0
RATE 1.30
TEMP2 239
TIME2 23.9

IMJ TEMP 275 275
TCD TEMP 279 279
AUX TEMP 159 150
OVEN MAX 238

CHT SPD 9.39
ATTN 2t 7
TfV 9GNL A

SLF SENS 9.7 41
AREA REJ I
FLOW A 21
FLOW 9 29

Figure 15 OPTN 309
73.U RATE 39.99



HKM-11-29-78 (1) Final; 160 minutes after AIC13

ELUT I ON At~PC High Resolution Capillary GC using a 150' 0S138 column
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HKM 12-11-78 (1) Isomerized THTriCPD High Resolution Capillary

S.C. using a 150' OS 138 column.

* ~~ -F, .

J. 14 -Q %A t- M %j=0= .I b, %A

-H .i .i .i . . ....

Fiur -17L ~-91.~=



HKM 1-4-79 (1) Isoinerized THTriCPO High Resolution

Capillary G.C. using a 150' OS 138 column
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NBfl-4-i from V-7
Charge to Isomerization HK!410-9-78(l)

ITA,?

~20 11
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4HKX 10-9-78 (1)

160 min. into NNO Isomerization

START

IbI

4 23.09
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HKM 10-9-78 (1)

280 join into NNO Isomerization

3017

tU 141 224

3? R"I AREA %

3. 71 0 . 8 7 4

23.2,9 671911 13.422
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HKM 10-9-78 (1)

400 min. into NNO Isamferizatiofl

RT maUn AVR x

5.72 971 *.129
6 64241 3.24

9.25 39303
23.31 2"126 3505S
27.71 51693 63.734
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,lux re,,p 159 118
OVINq "iX 238

Cwr SPO 8.35.
AT4 21,, 4
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FLO0W A 21
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HKM 10-9-78 (1)

1465 min into NN* Isomerization

- t
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11KM IC-9-7a (1)
1720 in. into NN Isomerization
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b.24. t3
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TABLE 2

Tetrahydro Birtor-S H SO4 Wash

Washed
*Run # g. TIIB-S Charge g. Product % Yield

11KM 8-4-78(2) 40.0 37.7 94.3-

J8-21-78(l) 523.5 496.1 94.8

8-24-78(l) 520.4 485.7 93.3

8-28-78(1) 519.0 472.0 90.9
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TABLE 5

Cyc- opentadi ene Oligomeri zati on

REACTIO14 TIME REACTIONI TEMIP. AMBSIENT REACTION PRODUCT YIELD
RUN IHOURS ScPRESSURE, PSIG GRAMIS.

EJJ-743115 7 170 - 200 30 - 60 2568

EJJ-7143117 7 170 - 180 20 - 29 2910

EJJ-743119 10 170 - 189 16 - 38 3019

jJ-4111 7 -152 620
EJJ-743122 10 170 - 185 20 - 36 2503
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TABLE 6

QUANTITATIVE EXAMPLES OF ISOmERiZED THTRiCPD PRODUCTION

PROCESS STEP REACTION N REAGENT CHARGE PRODUCT RECOVERED YfEL
We I Qht i CPO-. Tr ;CPO Ie Wqht 0; € Ti
Gram t (a) Grams i Gr- I Gr~m ,rS (a 4] r

OIlgmerIzatIon: EJJ-743115 99 2568
7413!17 9 2910
743119 99 I 3019
743121 99 2903

SI)C,, 7 OrOOf- rs 70122 99 2563

7-10 Hrs.

Isolation: C KP N 10-13-78(I) V 2780.9

Cut I 
758.9 .7 74.5 20.9 158.6

2 639.9 8.3 23.1 9 . 0 6.7

1.sil C0.ut 3. 91.3 1562.,

P TrlCPO 3 358.9 1.5 S.38 62.6 296.4
O19 o..rs 81m ..

to 1152-1323C (a) 633. 1037.3 37.3(214.9 npnrec¢ Iabls-280.-6331037.3 h8.3

(@h 
1 008.9 93.0 938 3.2 32.3
C t.2 3539 78.1 276 19.7 69.7

.3 847.9 28.4 240.6 69.7 591
4 S00. 7.5 37.5 91.3 456. 93

233 4 3 1. 94.0 221.7
223-9 30 6.11 96.1 215 .2

7 149,9 1.1 1.65 82.4 1 3.5

8 2359 (b) 2.6 182.3 194.1,

1 WlSIO.7 1904. 35.7

(3819.2 non-rcycIab es-5329.9-.1510.7) 14. 49.9

tydrinato : 4K M10-27-78(i) 629 91.0 572.4 542 90.4 0 t" 5.6

11-15-78() 494.6 9123 451.6 451.3 93.1 420.4 93.5
S1-17-78() 475.3 93.0 253 429.2 93.0 3".2 95.7
.-2-79 (1) 687.1 ) $6.4 593.7 531.6 6. 71.5 96.3

.8t1 I,

oano-TrloCP0*1 nndo-
TNTrI CP

@"Ao. 197 Pslg
A 128*-147"€ for
2.2-).k IHrs.

ismrlatIon: wH-" 1-21-70(1 ISO 
9. 90 9

1 -29-7 6M1 200 19:1 1 , 4 1 9 . 0 129z ,
,-, 1-151 A-I-C 261.3 , 237. 971.7 89$*oTIF -NH10 12:?788 R8 i 4:f 355. 1:0 340.6 81.7-0"* for I SOmars 1!-11;18(1) 273 03 213.9 205.7 1892.4.

1-9 hrs. saturated 14-79 391. 9 9 9 439. 91.1 . ?A
.ith PICI

Per~olated *%t

1 34.30 Oecant . 24 "C thru TTrI- HKM 1-4-79() 436.3 91.9 40). 391.2 91.9 359.5 R9.7

froa Cson. e Flgr"s1 CPOcp
Isomrs

.1dw. Voc Dist Final
TNTriCPO " 19C TNTriCPO NI¢M 12-14-781) 0 (i)93:2 970.2 25.9 99 . 17 4 )84

rs1 &.04-.9m Nil Is-mr 1--7 (1 91 2 919 359.5 (d)162.3 ) 607 (44:

a) Gas chroatographic€ analysis,. (b) DecomPositton noticed At end of Cut 17, (€) Z TrtCP0 calculated; (d) Precut still contained M TNTriCPD

a) CPO dmer my bt retcclable.

................ . ........... . I~i I~f .. ............ |..... nl... .. "....... ..................... ..
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TABLE 8

NN Isomerization with Alumina at 1800C

Total Reaction Time
Minutes Conversion of NN=  % NBD Tetramer

180 10.0 2.1
545 59.3 5.9
965 80.4 6.2
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CHART 1 DISTILLATION OF BINOR-S

TOP DISTILLATIOnt AtNALYSIS
AltO ANALYTICAL

FROM4 f.A.ERS1X D-1147 IX7. 5229

PROJECT 11E SAIPLE DESCnIPTIOil SIZE StIUSITTED NJOTEn.00t

*CUT £ 1Mw. UT1. WIV.. VUL. 11"a. bF..1,01cu(a t. Vii.11.. 70 L. 1t. I .
1023 o 0.0 0.0

100Ic 0.70.

0 0 99.5 0.I6s59 0.7 0.9

10, It00 3.9 14.3

512 boo 9.3 .
3 512 659.9 1.1291 14.9 14.9

51l2 600 Yq. 9 114.2

51 3, ,;.. 9 01.

S2 661.9 .32194.

500 3o 3.9 214.1
8 5124 bu8.9 1.1056 k.9 4.0

5134 650u 3.19 29.6
9 513 732.9 1.131 .04 5.14

S11co 000 .11
51,14 667.9 1.1305 5.0 3-:19
5114 600 3~9.4 149.(
$1514 6_32.9 1.1310 .4 514

514 co 4.041.
25114 9667.9 1.1310 7.3 7.3

51lit 000 64.2 4.3
13514 665.9 1.1310 7.9 7.9

3114 900 761 71l.6
1I& 5114 9811.9 1.1310 7.3 7.3

5114 goo G4.2 G4.0
15 51'. 989.9 2.1310 7.14 7.3

5114 g00 71.5 816
16yl 514 11.9 1.1u10 7.14 7.14

5114 900 3.0 79.0
175 51ib 99.9 1.1310 7.14 7.ts

527 9500 98.0 98.0
18 Si27 55891131 1.41 14

22 00 99.8 939

19 527 238.1 1.1289 1.7 1.7

20 527 27.9 2.2310 0.1 0.1

TOTAL 13320.9 1.1207
'CIIA.GE I32T-.5 le' '.u .4uu.u U.

LOSS 0.0
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Chart 2. Mass Analysis
of Sample No. I. HK 6-23-78(1) Method 06

PROCEED
CALLIIIU PRu"RA;4 CALPT-*AX. 140. OF PEAKS-300

NAS PATT UIV

76 u. 1. 1 134 I.b 2. 1 206 3.U 5. 1 3$7 3.3 5. I
I/ U.1 1. T 3 U.1 1.YT 1 Zus 3.u S.15, o .It~ 5.1
7b u.V 1. 1 137 0.9 1. 1 214 3.u 5. 1 367 3.6 5. 1

do 1. 3. I 141 0.7 1. 1 223 3.3 5. 1 373 2.e .

bi 0.b 0. 1 144 4.0 G. I 22b 4.7 7. 1 37t, 2 4j .,
.60 U.u . 1 145 7.1 11. I 227 2.s 4. 1 317 3.o 5. I
87 0.1 1.1 146 5.5 9.1 229 3.4 S.1 37v 5.5 9.1
bb u.Y 1. T 1'a/ 15. 5. I 235 1 .5 b. T 5 7z .u Z1. I
gu 0.8 1. 1 14: 0.7 1. 1 237 3.3 5. 1 3h1 3.1 5.
92 1.u 2. 1 161 0. 7 1. 1 240 J. . 1 Wi 2.6 4.
94 2.u 3. 1 154 2.5 4. 1 243 3.3 5. 1 343 3.2 5. I
95 2.! 4. I 155 0.4 0. 1 257 .5.7 9. T 545 3.1 5. I
91 0.6 0. I 157 9.5 15. 1 259 3.4 5. 1 3to 3.3 5. 1

:Og u. i, T -- a ii. 19. 1 2b6 2.s 4. 1 4WU 3.1 . 1
101 3. . 1. I 159 5.5 9. I 261 3.1 5. I 46 .7 k. I
1uS3.~, 5 I bo 4.1 6. I 264 2.7 4. 1 u7 31F .I
104 4. . 7. I 161 3.0 5. I 273 4.0 6. 1 408 3.1 5. 1
10i 3.9 6. I 164 3.4 5. 1 275 3.0 5. 1 41U 2.7 4. r
107 2.5 4. I 1 6 3-.1 5. 1 2SI 3.7 6. I 414 3.0 5. I
10 3.b b. I loa 3.2 S. I 242 3.0 5. 1 427 2.7 4. I

!09 0. 0. , _6 2.7 .I 2,6 3.0 5. I 134 2.9 4. ,
1 1 U. I 171 4. . 1 287 3.0 '" 437 3.0 5.

21s. 3.2 5. I 173 4.0 1. I 296 2.b 4. I 440 4.8 7. 1
i1i 1.b 2. I 174 3.0 5. i 3UU 3.0 5. I 444 2.9 4. I

7 . 1 176 3.2 5. I 306 3.1 5. 55 2.A 4" I
1i. 11. 1 "17U 3.1 5. I 307 3.0 5. i 3.1 5.

2 _ 3. I 179 3.0 5.1 310 4.8 8. I 463 3.3 5,

lIl v.a 1. lbue 1UU. Lt. 1 31! 2.t 4. I 468 3.3 S. I
14 u. U. I la7 16.2 30. i 325 3.u 5. I 4I 2.a 4. 1
lt . 3 . I 1. lS -59.4- 83. . 329 3.3 5. 1 74 3.a S. 1
Wii 1.b .I 1 o .2 It. 1 332 2.s 4. I 477 3.u 5. I

1A# 0.6 1. I 194 2.8 4. I 337 3.u 5. I 444 3.4 5. I
I'l 1.u S. 1 195 3.1 5, 1 334 3,. 5, 1 4C 3.1 5. 1
lj 4.) 7. 1 196 2.b 4. I 341 3.0 5. I 491 3.1 S. I
111 &A 1 - 1 9 4 9 j, 1 345 3 ,u , 1 45 3.3 1,:7 |
1Ji 3.1 S. I 1 3.1 S. I 348 2.7 4. I 49b 3.b 5. I
I1L 2-8 3- 1 20.0 b-2 S. 1 350 3-6 5- 1 497 3.3 s. I

1 501 3.1 5. I

~L.LF 
• LF. JL3.4 .F044 A1JALUG~ U(ATA Irl TlE FOtri OF PE,%KS INTO a DIGITAL FOlf

j .V ( , IEA A: ,;U. 1 I0 ItCLT AIku UIVIUIIiu IT INTU ALL TtIE OTilk 1'EAKL

I 1n.~i..4..L 4.I7 A ALYSIS
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Chart 3. Mass Analysis
of Sample No. 2. HKM 6-23-78(1)

CALLIIlu PlIjtiatA CALPT-;.AX. 10. OF PEAKS,30O

_ it~a.&. s. ,rab;K .

78 1.0 2. I 13 2.7 4. 1 23 0.6 1. 1 353 0.u 1. 1
60 '.1. 2. 1 , _ 'j I u.0 1. 1 23_ a 1.o. '1 . 0.5' 1- 197 1.2 1. f 13s 0.5 0. 1 253 2.0 2. 1 362 0.0 a. I
0 14Y _,' _. U. _ _ u.U 1. 1' Jtu ''i.1' 2,_. 1
* U.7 .1 1. 1 143 1.5 3. 125 0.7 1. t 371 0.= 1. 1

107 u.5 u. I 1,73 lu.5 1b. 36 0. I 364 0.5 , 1.i
1 v.0 1. 1 '60 V.7 i. i Zuu U . U. i 31" 1.0 1. I
VA1 0.7 2. I 147 4.1 6. 1 271 1.4 2. I3 S .1.u i. I
V12 0.* 1. I 137 1.V U1. |I. z? 0 .1 U. 3 ., kO .u U. I

15 l1 1. I s 100.7 1. 1 2 1.0 1. 1111 o.b, . 1
ND 0.7 1. 2 1 1.2 2. 1 2 . 1. I 41 0.6 0. I
97 1.3 2. I 257 5.7 S. I 2 .b 1.. I1.73 0.7 U. I
98 1 b 0. I1 li 7.b 11. I 2'. 1 T . I 1 .1 1.7 2. I

,0 2.3 . 1L 1.0" 1. 1 301 1.1 ! 2. 430 3.1 S. I

.IA I..A..... I It 2. . 1.. 33j2 0 1 4IJ%1 U . I

.1 5 2.2 3. I 1 0 . I 33 0.. 0. 1 32 1.2 2. I
1.7 1.1 1. I 171 1.5 1. 331. 0.7 1.3 44u u.7 2. 110 3 2.6 4,. 1 173 3.7' S. 1 306 O.g I. 111 21 1. 1

1U9 1.1 1. 1 274 3. 0.. 1. I '.11 1.0 1. I
" v 1.3 2. 231 0.5 0. 31.0 3 5 I I53 0.9 1. I
1.2A 0.3 O. u. I s'. 8S.1 1~7 11 . 53 0.9 1. I

U.I lb 3.1 . I 311 31. .. 2 45b 0.3 1. 1
143 . . 2uj 1.U 1. i b S1. 1. r 0075 .07 1.
1"17 . 1 ! t 2 14-S 22. 1 322 0. 1.6I 7 0.6 0. 1
2iS 1. 3 . i u 0. 8 1. 1 32.2 2.6 0.I; .7 2.1

,.. I '..1iS. t

IPd&UA - $,,ALPT T.4AMI:,FU4.5 Ad4,,LUt. UA'TA III TilE FON..t CF PEiKI ItTu A UIStITML Fur1Fi
JLAX.Ii14 4.LJig,.h;i..1.ILU. PECE*T A;,Ju UIVIIIJL. IT IuTu ALL TriE OTtikI PEAK'
Thli &IATA~ LilTi54.,, 51. ir A I ANaLY.I; i

4 7

3 1 ~l 11 1 1 lgi ~t 1 11 0.9 j!!" 6 . 7



Chart 4. Mass Analysis
of Sample No. 3. HKM 6-23-78(l)

PROCEEU
CALL IN " PMU0.;RAM, CALPT-A4AX. NO. OF PEAI:S"30o

MASS PATT DIV

"76 0.2 0. 1 146 7.g 19. I 213 0.. 1. I 382 0.2 0. 1

S7 O.b 1. 1 147 3. 7. I 215 0.7 1. ' i 83 1.0 2. 1
"79 0.8 1. 1 148 1.0 2. I 216 0.6 1. I 385 0.6 1. 1

&$A u.b 1.1 1. U.4 2. 1 221 U.d 2. 1 546 4.'1 1. 1
-1 0.6 1. 1 lau 0.3 0. I 213 0.1, 1. I 39u 0.U 2. I

5s u& .1 i U.J4 -1. 1 ZIB U.'. 1. 1 3 9 Z.J.4 41. 1~
3 u.7 1. 1 1S2 0.4. 1. I.220 0.4, 0. I 393 0.5 1. I

6. J.0 1. 1 1"5 u.. 2. 1 223 u.b 1. I 3us 0.S 1. I
bo U.'t 1. 1 154 0.7 1.. I 230 0.5 1. I 403 0.7 1. I

u. .. 2. 1 16 U., 1.. 1 252 U.4. 1. T 413 U.7 i. I

u 0.8 t1.. 15 0.U 2. I 2:.2 o.1 0. 1 1.u 0.S 1. I

..5 0 8.5 1. I 1:a 2.i 2. I 257 0.1 0. j 1, U 0.5 1.

1. . Ib U".o . I 27o U.1 1. I 11 0.4 U.

j102 0. I 2. I 113 0.1. -. 1 279 0.9 2. I 1 6 0.7 1.

103 0.7 . 1 0. 1 30 0.3 0. 1 k. 0.3 2.1

105 0.1 ... 1. I 173 3.0 7. ! 305 0.1 . 0. j .1.7 1.0 2.I
107 U.S 1. i 17' 0. 5 0. 1 3161 0.4 1. i 1,. 0.6 4 1.
102 1.2... I 175 0.7 1. 1 13 0.4 2. 1.,9 0.8 2.
114 U.6 1. 1 177 0.1 3. 315 0.4 1.1I 51 0.3 i.
1,0 0.9 2. 178 0.1 1. 1 332 0.5 2. 455 0.6 1. 1
11 9.5 1. 1 172 0., 1. 1 335 0.' 0. 1 56 0.5 1.1
116 .. 1. 1 0.1 1. 1 336 0. 1 I 4 160 0.5 1.
174 . 1. 0 4 b 05. 1 1.1 0. g .1 4 .S . 1. 1
120 1.3 3. [ 17 .0 12. 1 31.5 O. . 16 h5 0. , . 1,
121 0.6 1. I 12 U. 211. 1 335 0.5 1. I 471 0.5 1. 1
26 0.4 Ud. 1 I 31 0.5 1. .71. 0.5 1.

1 b. 1.5 1.u 3.1. 1 1 352 U.1 1., I 0b.4' 1,
13 1 3.0 7. .12 21 0. 1. j 3 4 u.s 1 . I . 3 0., 1.

12 2.o .I 1 0.6 1. i1 0. 1. 1. 8 1.11 2.1
133 1.5 3 . I 1-4 0.5 1 358 0.6 1. 416 0.1 1. I

29. i = .1. 1. 3ou 0.1 1. I "1b .0.t 1. I

32: . 1. 1 7 ,.S 1. I 3u5 0.. 1. 1 13S4 '.5 1. .

l33 1.u . 1 2uu 1.7 3. 11 t 0.1. 1.

137 .1 :i 1. I 373 0. 1. I 'i 0. 4 1. .
137 U.b 1. i 2uo U.4 1. I 373 U.4 2. h 1.7 I.o 1. 1

.. 1J4 i ., 2.. I 210 .1 2O.1 I .J 0.4 i:.... 1. I

413P 8.6 2U. I 211 0.b 1. I 3 .10. 1. I Suu 0.b 1. I

SP.O6RA:.1 CLPT THAIIS:.PtS AIALOU rATA IN TilE Pc.4:1 OF PEAIS I T A IGIThL FOttI.
DY &LTT.IwI "uL LPK%,L.T ,b 1uU. Pt. LLWT Ai4U UIVIiIIJ'U IT I;iTJ ALL T.,a OTrILK, PtAik

Tills uATA.LI:zTI;lu IS IUUT-A.I Alj#LY:aIS
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CHART #5

Simulated Distillation of EJJ743117 CPD
CALIBRATION 2 Oligomers *0, - P.tYIh ffe.<t fl-lC

DOIlTIZ1q 4U6 * IST. 710. 16 .ICZ . LI

9LUTION TilM Si/fl AREA PCT ATlA I

CUT POINT TIME DEGREES F SIM VBR* (See)
ISP 148, 117. 261.0 _ _._ _.__ __ ,_0_

5 1148. 117.0 261.0 fli.,,,' is" .3,'i *1 7

10 1 8 8• 117.0 2r61.0 R_,., '_ -P_

15 '50. 328.7 430.6 __ _ __._ __,__ __._

20 464, 338.2 438.2 ... R.,, 3, 2
25 464. 338.2 235.2.
I a6 3 0 __4 7 1 - 3 3 P_. ______174_1 _ R'____'1 _ _1_

35 471. 31 3.0 442.0 ,..-,u...... . . . ..- .... ... . ...... ___ ___ ___ ___ ___ ___ ___ ___ ___35g1. ", 4120 n,. 09 i.g , 'go.0 3
h0 -

O 
3 0 aRA

145 692. 497.9 566.1 111.,
50 708. 509.1 575.1 Itz. ,.I
55 708, 509.1 575.1 i i,..
60 716. 514.8 579.6 '".
65 716. 514.8 579.6 __._ __ -- _ _ ,___70 725. 521.2 5 814.8 soo.,2(,.. o 1 i

75 725. 521.2 58K.8 t 0.2C'

* 80 866. 619.7 663.7 __ .____ .,__ _ .___
85 898. 642.2 681.7 __.,___77_____

90 9in. 50.ft 688.0 6" 12.6 60.027 1273

95 1054. 751.0 768.9 7O8.5 57*660 1i.;32
FBP 1421, 1009.6 908.7 ;,.g , r MA.!1

-"FROM EXPERMETAL CORRELATION 8/16/77
IGNORE IF INITIAL IS LESS THA7 5450 F '.

V.li "holl - olil
i. a Ii~ 2f11 0.1181

THIS SD ASSUMES THAT THE WHOLE SAMPLE VAPORIZED 6*.6 .
. 1. 1!.57

lZle 7S} ,
J20.3. ... ... 2oS .. . .. 1i _
1020.0 i06.65 0.126

9Ri~i IN.IN ,i

1230.7 HA.H0 1.!3,i
!M81l H.-fli g-Mi

il~e; tINA/N ;eRR

1112.8 110.570 0.21
22:6./ 06.665 0.221

75 4N,; !#*.;*I;l

1166.2 01ti63 0.0063166.6 ila.l ~ l

1102.: 00.322O~l

011310.3 2.762

1272.1 ".i26 0 !

!300.2 0.,60 0?O

I!7|.0 30

17;0.6 lil ,€

*1?1S.I ;.ll *0* ~
261T0.6 it1 ,

'Kqt !!l



TBP DISTILLATION ANALYSIS
ARD ANALYTICAL

OPERATIONS
FROM R.A.ERSEK .D-147 EXT. 5229

PROJECT DATE SAMPLE* DESCRIPTION SIZE SUBMITTED NOTEBOOK
NUMBER RUN NUMBER OF SAItPLE (MILS.) &Y PAGE HO..

49-5UV 10-25 -/US iFlU-1.3(1) JV HE:ATEL) DGP0 5000 H.K.14YERS 778WU09
Cut I Atmos.

TEP. WT. GMS. VOL- VILS. SP.GR.60/60 F WT.PCT. VOL..PCT.
341 0 0.0 0.0
456 200 7.7 8.7
163 250 9.7 10.8

80 400 15.5 17.4
492 500 19.4 21.7
505 600 23.3 26.1
526 700 27.2 30.
527 750 29.1 3215

1 52T 758.9 1.0039 29.1 32.6

54T 250 39. t3.1.-
567 400 45.5 49.9
572 500 9.6 54.?
586 600 53.7 58.5

2 586 639.9 1.0645 24.6 25.9
615 150 50.2 65.3

629 200 .62.4- 67.6
659 320 67.5 73.0

3 659 358.9 L0694, 13.8 L4..

4 659 842.9 ;1.1376 <1.3519 3Z,- 26.9

TOTAL 2600.9 1.1228

LOSS 180.0

MaximuM vacuum: .4mmHa during distillation

Chart #6
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TBP DISTILLATIONJ ANALYSIS
AMM.l APIA&YTTe-AL

0 PERAT I OIS
CIMp-e M A CneCV t1.y rv 7  sql

oll ,wtpf F n P F
q 

r
n 

! f T i 07S 7PFJ i 71V IIR ITTFI " JnTRnf lf
NUMBER RUN NUMtBER OF SAI-4PLE (MLS.-) BY PAGE f10.

HK14 11-9-79(1)
'.8-509 11-03-79 0743122-1 HEATED OCPD 5300 E.JANOSKI 773417Cut Atmos.

TFJUP.. 11T. G1S. VOL- MLS. SP.GR.GO/60 F WT.PCT VOL.PCT.
h:)q n n-n n n
473 900 17.0 18.7

_______03___________ IngO TQ2 ly7 A

1 4.73 1003.9 0.9915 19.& Z.1.8

504- 350. 26.8 Z9.5

qYt7 vnn ICT n IM: -7

523 400 35.. 3T.t
SI 79n hl1 7 f.

3 $5 110 43.5 +6.6
tR 7 Nt77

564 475 53.4 56.6
4 9f znnh n iT nr7 . 'n. ty

q7 .. 775" ';R, nl

5 575 233.9 1.0722 4.6

609 2.10 62. 65.8
6 1 fl7'C P. -ft A~p

d+17 it!7 _65.K 'i
7 61.7 149.9 1.0699 2.9 3.0

8 617 (Upper phase of Cul 220 70.0 73.568725. #7 1 , '. 7

917 !n _

9 517 113.9 1.0499 2.2 Z.3

Bottoms 617 1404.9 1.2500 27.E 24.1

TOTAL 5073.9 1.0880

LOSS 256.0

Naximum vacuum: .4mm Hg during distillation

Chart f7
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CHART 4 NIH 11.19-78 (1) lestdyal lsouertzed THTriCPO after

PROCEED S Oversight A 11

CALL!N M R &ie T,, w .300
11.S.NUI4 R Iasi
MassPATT ply mas SpetWIeIePh rem at 8.5 volts

761 SIt1I 0.:. 1. 1259 0.2 5.1.
I3. 1 250 0.1 2. 1

78 0A i9. I 19S 0.2 1. ! 262 0.1 3. 1
7 U.& 3,. 4 Ls. I Ise 1 .6 16 1 263 0.0 1. I

!: Ii~i SA--i--~ 2:~ sa: 70 1. I

4264 0.3 6.
ii 0.7 1A. II2 0. 41. 1 265 0.0 1.

~~3 i 134 63I 2.1 44- 194 28 06 :

5 . 10. , 12 . It 2.5 1. 26 0.1 34. I
33 0. 8. I 5 .11. 21 0.7 16. 6 0.1 I
Sk 0.01 1 I 16.2 11. 1 269 4.0 92. t
99 0.0 I1 it 1 . 9i . 1 21 0.S Z11. 1 292 1.9 2.
&a 0.0 1. I 1l 015 2. ;03 2 . 92. i 27 4.6 91. i

*11 0.0 1 M 1Z .4 5. I i34120.1 3V. 1 271 0. . 1

0 0.0 1. I 160 3, 3. 22 0. 112. 1272 . 27. I
ia 0.0 o. 1. 11 9.3 11. 1. . .1. 0.0 1.,1
S14 0.2 5. 1 162 1.8 33. 1 227 0.3 1. 1 278 0.6 3. I
12 0.7 15. j 147 0.6 13. 1210 1.2 2 301279 C.0 I- I
13 0.9 19. I 1 14 3.0 63. 1 211 0.3 7. 1 20 0.6 1. I,44 2,A 2. 1 14V U.14 4.1 212 0.3 1 291 0.5 .,

957 71.2 107. 1 152 0. .2. 1 213 0.1 11. 1 284 0.1 3. 1
1601.7 36. I 168 0.2 44. 1 232 0.2 56. 1 286 0.1 2
97 0. 2., 1 16 0.2 S. 1 215 0.3 6. 1 2 0. 1._
91 0.2 1. 1 170 0.9 19. 1 235 0.3 7. I 36 0.0 1
99i 0.1 1. 1 157 0.3 6. 1 21 0.5 21. 1 292 0.1 2. I

100 0.0 1. I 158 0.1 2. 1 219 0.2 S. 1 293 0.0 2. 1101 0.0 1.,-1 159 2.4 50. 1 221 0.1 3. 1 29S 0.0 1,

10. 0.0 1. 1 160 3.1 63. 1224 0.2 4. 1 301 0.0 0; 1
103 0.o 0. I 171 9.3 191, I 225 0.2 5. I 302 0.0 1. I
104 0.2 S. 1 162 1.6 3. 1 227 0.3 7. 1 303 0.0 0. 1
1 .0.1 2. 1 16 2 1. 1 22 0.2 8. I 332 0.2 1. I
106 2.1 43. I 164 0.0 2. 1 229 0.3 7. 1 334 0.0 1. I
1).7 T.6 214,. 165 . 0 1 -. 23 0.1 3. I 30Q7 0.1 . 1
1081 1.7 36. 1 168 0.2 2. 1 232 0.2 1. 1 303 0.1 2. I
102 2.0 Ia. I 169 0.0 .. I 231 M a. 1 33 0. 1. 1
110 0.2 1. t 170 0.9 9. 235 0.3 7. 1 31 0.0 1. I
ill. 6.2 2, 1 171 0.2 J. 1 237 0 2. 1 319 01 2. 1
112 0.1 3. 1 172 0.2 2. 1 238 0.2 4. 1 321 0.0 1. I
113 0.0 1. I 173 S.1 106 1. 239 0.0 1. I 321 0.0 1.Aits. 0.0 1. 1 174, 7.Z 148. 124,0 0.2. S. 1322 0.1 3. 1
U26 0.0 1. 1 17 3.6 7. I 241 0. 10. I 329 0.0 1. I
117 0.1. 2. 1 176 2.0 42. 1 25 0.2 k.. 332 0.2 4. 11 1 ' 77 a_-; 1Q- 1 241 o-2 9. 1 1333 . . 1
112 2.3 48. 1 175 0.1 2. 1 244 0.1 3;. 1 3 0.2 4
12 IM6 217 - 1 174 6-M a - I 2I"6 fl n 1- 1 339 0.1 - .

121 5.3 108. 1 182 0.1 2. 3 243 0.0 1. 1336 0.6 12. I1:2 2-0 U2. 1 124 0.1 1-. 1 249 0.0 1. I 337 0-3 .7.
1 23 0.9 19. I 185 0.0 0. 1 250 0.0 1. 1339 O.S 11.I
N Q-2 . t. IRS; a-2 VS I 7.1 o. 3 140 2 I.A Ii ;,2 0.1 1. 1 87 1.2 2S. 1 253 0.0 1.1 341 0.0 0. I

IL27 on O 1 I .lag 0.5 to- 1 754 o.1 2- 1 ;13 0-14 9
128 0.1 1. 1 189 3.9 81. I 255 0.1 3. 1 34S 0.0 1
.a 2 . Q -fl 2 1. I 9 . I S . . I7 O OI

1 348 0.0 1

I 350 0.1 3. I
78



CHART 9 HKN 11-30-78 (1) Final [somerized THTriCPO

PRuCEED
CALLN .i PHOGRAi CALPT-,.AX. tO, OF PEAKS300M.S. N~JIEIi - 1252.S PTT O1V Mass Spectrograph ran at 8.5 volts

6 0.0 1. I 109 0.5 12. I 162 2.4 54. I 214 0.1 3. 1
b u.. 3. I 110 u.1 3. I 163 3.6 14. I 215 0.0 T71
01 0.1 3. 1 111 0.1 2. I 164 0.0 2. I 216 0.2 5. 1
66 S.1 112. I 112 0.1 2. I 165 0.0 1. I 217 0.4 9. 1
67 1.3 24. I 113 0.1 2. I 16b 0.1 2. I 211 0.3 7. 1
68 U.6 13. I 114 0.1 2. I 167 0.U 2. 1 222 0.1 3. I

k 9 115 0.0 1. 168 0.0 1. 1 223 0.2 4. 172 0.:0 1 . 1 117 0.1 4. 1 17u U.5 14. ; 214 0 .2 .
7 0.0 1. I 118 1.9 42. I 171 0.2 4. 1 226 0.3 7. 1
71 q- 1. I 11T 3.4 75. I 172 0.2 4. 1 227 0.6 13. 1
73 U.3 1. 1 120 13.0 287. I 173 6.5 144. 1 229 0.5 11. 1
7, 0.0 1. 121 6.4 142. I 174 9.6 211. 1 230 0.2 S. I
IS_ 0.0 1. I 122 2.4 54. I 175 2.8 62. 1 231 0.4 9. 1

.7d 0. 1. I 123 1.0 23. i 175 0.9 20. 1 232 0.2 5. I
77 0.0 1. I 124 0.2 5. I 177 0.1 4. 1 234 0.2 4. 1
74 0.3 8. I 125 0.1 2. I 178 0.0 1. 1 256 0.2 5. 1
7# 0.2 4. 1 127 0.0 1. I 180 0.1 2. I 238 0.3 7. 1
8u 5.7 127. I 128 0.1 3. I 181 0.0 0. I 239 0.3 7. 1
31 1.0 23, I 130 0.0 1. 1 182 0.1 3. 1 240 0.7 17, I
82 0.1 2. 1 131 0.3 6. I 184 0.2 1. i 241 0.3 8. I
83 0.0 2. I 132 3.4 75. I 185 0.4 9. I 242 0.2 5. I
84 0.0 2. 1 133 12.3 272. I 186 0.3 7. 1 243 0.3 7. 1
a5 0.1 2. I 134 50.6 1116. I 187 1.3 30. 1 244 0.2 5. I
36 0.2 5. 1 135 24.4 539. I 188 0.3 7. 1 246 0.2 4. 1
37 0.1 2. 1 136 12.8 282. I 189 2.0 45, I 247 0.1 3. 1
38 0.2 5. 1 137 1.6 37. I 190 0.7 16. 1 249 0.1 4. 1
89 0.2 6. 1 138 0.3 6. 1 194- 0.0 1. 1 250 0.2 5. I
90 0.2 S. 1 140 0.1 2. 1 195 0.2 5. 1 251 0.2 5. I
91 0.4 10, 1 142 0.7 17, 1 196 0, 4. 1 ;52 0.2 U. I
92 1.0 23. I 143 0.0 2. I 197 0.1 2. 1 255 0.2 5. I93 1.2 29- 1 144 0.0 1. 1 192 0.1 2. 1 25 0.2 6. 1
94 2.7 61. 1 145 0.6 13. I 199 0.3 7. 1 257 0.Z 4. I
95 5.8 128. j 1146 0.8 18. 1 200 1.4 32. 1 258 0.1 4. 1
96 0.7 17. 1 147 1.1 24. I 201 2.3 51. 1 25 0.2 4. I
97 0.1 4. j 148 3.6 79. 1 2u2 100.0 2203, 1 261 0.1 3. 1
98 0.1 3. 1 149 0.8 19. I 203 2b.,j S I 26L 0.1 3. I
99 J.1 3. 1 153 0.0 1. I 204 14.u 321. [ 263 0.2 4. 1

1J1 'J.U 0. 1 514 3.4 76. I 205 3.2 70. 1 26b 0.7 1b. I
102 0.0 2. 1 155 0.6 13. I 205 0.8 17. 1 267 0.4 10. m.
103 0.0 1. 1 156 2.4 53. I 207 0.1 2. 1 268 6.0 133. I
..0 0-3 7- I 157 CaS 11- 1 208 0 p 0 1 269 2.4 S3. I
105 0.2 5. 1 158 0.2 4. I 209 0.0 0. 1 270 2.7 60. I
1136 2-5 56. I 199 34 76. 1 210 1 31 ! 272 D-7 1s 1.
137 1.9 43. 1 160 4.2 92. I 211 0.2 5. 1 274 0.2 5. I
iag 2.0 s_ I 111 11s 25S- 1 211 0.0 1-L 276 0 h- I

I 277 0.2 S. I
I 279 0.1 3. I
I 280 0.2 5. I
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Chart 10 HKM 12-11-78 (1) Isomerized THTrICPD

pROCEEU
CA LLING PROGRAM CALPT-MAX. NO. OF PEAK J00
Ht.S. NUMBIEiR - 1333

MASS PATT DIV Mass Sp-ctrograph ran at 8.5 Volts

65 0.1 1. I 108 2.0 34, I 158 0.' 7. I 214 0.8 13. I
65 0.2 3. I 109 0.7 12.-F-15- 3.6 63. 1 215 0.5. 8. I
66 4.6 78. I 110 0.5. 8. I 160 5.1 88. I 216 0.7 12. I
67 1.4 25. I 111 0.2 5. I 161-I2 .21-2 g08. I 218 0.4 8. I
6S o. 10. I 112 0.6 11, I 162 2.6 45. I 219 0.3 5. I
69 0.3 6. I 113 0.2 5. I 163 0.4 7. I 220 0.3 5. I
70 o-t 7. I 115 0.0 1. I 1654 0.1 2. 1 221 0.2 5. 1
71 0.3 5. I 116 0.0 1. I 165 0.0 0. I 222 0.3 5. I
72 0 ;.._ 3. I 117 0.2 ;., 1 167 0. 3- . 1, I 224 0..3 6. 1
73 0.1 2. I 118 2.2 38. I 168 0.6 11. I 225 0.1 6. 1
7k 0.,t__ 1. I 119 3.6 62. 1 16,9 0.4 7. I 226 0.5 9. 1
75 0.(, 1. F 120 14.8 252. 1 170 0.9 15. 1 227 1.7 29. 1
b _7...1 1 121 5.8 100,, 17> 0.5 09. , 228 0.1 12, 1
77 0.0 1. I 122 2.5 42. 1 172 0.8 14. 1 230 0.2 1. 1
7, 0.5 a. I8- ... .9 16. 1 173 7.5 128. 1 235 0.2 1. !
79 0.1 3. 1 12 0.2 3. 1 17 10.7 183. 1 236 0.3 6. 1
So 5.6 96. 1 125 0.0 1. 1 175 3.1 59. 1 237 0.3 6. I
8. 1.0 17. I 126 0.1 2. I 176 1.k, 24. 1 238 0.7 12. T
1 .,2 4. 1 127 0.0 1. 1 1.77 0.5 9. 1 239 0.6 L..I
83 0.2 3. I 128 0.1 2. I 182 0.3 5. I 210 1.7 30. 1
85. 1.1 20. 1 129 0.1 2. 1 183 0.3 5. 1 211 1.3 23. 1
85 0.2 3. I 130 0.1 2. I 184 0.3 6. I 242 0.7 12. F
_86 0.8 15. 1 131 0.4 7. I 185 0.4 8. I 213 0.5 9. 1
7 0.1 1. 1 132 4.0 69. I 186 1.5 25. 1 214 0.' 7. I

68 0.. ... ... 2... I_. ! 133 14.1 , 241. 1 187 2.2 98. 1 245 0.2 5. 1
89 0.1 2. 1 134 53.0 906. I 188 0.9 16. 1 250 0.4 8. 1
90 0,0 0. 1 135 24.1 411. I 189 2.4 42. 1 251 0.7 12. 1
91 0.2 4. 1 136 6.6 113. 1 190 1.0 17. 1 252 0.5 8. 1
92 1.0 17. 1 157 0.7 13. 1 193 0.2 1.L I 253 0.. 7.1
93 1.1 19. 1 138 0.0 1. I 195 0.3 S. 1 255 0.5 a. I

3.. .. .. _ 6, 1 -- 140 0.0 0. 1 _.96 '.6 10: -i 256 0.5 8. 1
95 5,1 87. 1 151 0.0 1. 1 197 0.5 9. I 259 0.2 5. I
.9.-... Si.I1 42 0.6 11. 1 198 .1.5 6. I 262 0.3 6. I
97 U.1 1. 1 143 0.1 2. 1 199 2.3 39. 1 264 0.8 lt. I
ill 0. - 1S j n- 1 2k a n -f - -f A -" 114- 1 76q aCl q -
99 0.0 1. 1 146 1.3 22. 1 201 7".7 13r. 1 266 6.0 102. i

11.0 0. ... 7 . 21. .2 2L.... I 202 0.. -0._.127 A ...267 2.7 146. 1
101 0.0 1. 1 158 3.9 67. 1 203 28.7 490. 1 268 26.4 150. I

1 149..02__I j 71. 1 269 9.8 16 .I
103 0.0 1. 1 153 0.0 1. 1 205 3.8 65. 1 270 8.9 153. 1
105 0.5 9. 1 154 0.2 3. 1 206 1.3 23. 1 271 3.0 51. I
105 0.5 8. I 15 0.0 1. 1 209 .0.2 5. 1 272 2.1 37. I
JO6 3.3 SA...1. 1 t 2.4 '2. L .21.0 O. 7- I 273 0-9 lit. I
107 2.1 35. 157 0.5 8. 1 213 0.3 6. 1 275 0.3 5. I

1 279 0.3 S. I
I 280 0.6 11. I
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Chart 11 HKM 1-4-79 (1) Isomerized THTrICPD

PROCEED
CALLINu PIOURIAIi CALPT-MAX.. NO.. OF PEAtS-30U
MA.S PATT u1V Mass Spectrograph ran at 8.. Volts

60 0.1 2. I 1U5 0.!; 5. I 155 0.3 5. 1 214 0.7 9.
61 0.1 1. I l0t 2.2. 31. I 156 0.2 3. 1 216 0.7 10,
62 0.1 __1. 1 107 1.3 19. I 158 0.4 6. 1 218 0.6 4.
63 0.1 1. 7 108 1.3 1. I 159 2.9 41. 1 219 0.4 U.
64 0.1...... 1. I 109 0.4 5. I 160 3.7 52. 1 2.1 0.3 14.
65 0.1 2. 1 110 U.2 3. 1 ibi 9.8 138. 1 222 0.9 1 .
66 2.1 _ 29.... 111 0.2 2. I 162 2.2 31. 1 223 0.5 7.
67 U.5 7..1 113 0.2 3. I 165 0.3 4. 1 22b 1.0 1!;.
68 _0..3 4.__.11_._0.2 2. 1 .bb 0.3 4. 1 227 0.5 9.
69 0.2 I 115 0.1 2. I 16" 0.3 5. 1 221 0.b 9.
70 0.2 3. 1 116 _.U.0 . 0:- 1 169 0.3 5. 1 230 0.5 U.
71 0.1 1. I 117 0.2 ,'4. I 170 0.3 S. 1 231 0.14 6.
72 0.1 .. 2... .118. 1.7 24. I 172 0.5 7. 1 234 0.4 G.
73 0.1 2. I 119 2.6 36. I 173 5.8 81. 1 235 0.4 G.

_7 _,0.04 0. 120 10.6 ._.l. 174 8.1 ..114.. 236 0.5 7.
75 0.0 1. I 121 14.2 59. I 175 2.7 38. 1 237 0.5 7.
76 0..1 .... 1........ 122 .. 1.8.. ..25.._ 1 176 1.2 _ 17. I 238 0.6 8.
77 0.1 1. I 123 0.8 11. I 177 0.4 5. 1 240 1.3 1.
78.__.2..... _12..... 0. . 0._I. 179. 0.3 4. . 241 1.3 lJ.
79 0.1 2. i 127 0.0 1. I 180 0.5 7. 1 242 1.3 19.

J .o___. I . .s.,..__Z .... ,_ .. j 183_ 0.3 ... 5.._ __ 245 _.0., 4-.. i.
81 0.6 8. I 130 0.1 1. I 134 0.3 5. 1 246 0.5 7.
82.. .0.3 4.. .. 131 .0.2 .... 3.J... 18_6. 0.8 11. 1 2147 0.4 5.
a$ 0.2 2. i 13-2 2.8 39. 1 187 1.7 23. 1 252 0.5 7.

4 S'1 Us.__ _.. ..... 3._ . ._.10.4 ... 145. 1 I 1 S 0.7 . 10. 1 2S3 0.5 8.
85 0.1 1. 1 134 42.5 595. I 189 2.6 36. 254 0.8 11.
86 0.5 7. 1 135 19.4__. ;.271. 1 190 .0. 9. 13.. 255 0.6 9.
87 0.1 1. I 136 7.5 106. I 191 0.4 6. 256 0.4 U.
88 0...1_ 2,._.L- 13.7 0.8 12. 193 0.3 . . 259 0.4 6.
69 0.2 3. i 138 0.0 1. 1 194 0.4 6. 1 260 0.4 6.
90 .0.2.... 3..1 139 0.1 1. I 196 0.6 9. 1 261 0.7 9.
21 0.4 6. I 140 0.3 4. I 198 1.4 19. 1 264 1.2 17.

2 0. 9 12. I 142 0.2 4. I 199 1.2 d17. 265 0. 11.
93 u.8 12. I 143 0.2 3. --"206--4'.'7 6b.tf-2bb" 3. It 4U.

2. 15 . . . .l 201 4.u 68. 27 1.4 2U.
95 3.7 52. I 145 0.8 .11. I 202 100.0 1391. 1 2UU la.7 234.
961.0.6 b. I 146 1.0 14. I 203 24.1 337. 1 2b 5.7 80.
97 o.3 4. " .147 1.1 15. 1 204 15.4 215. 1 270 9.Z8 137.
.98 03 . .I 14.3,br20 51. I "205 3.4 47. 1 271 3.1 4;.
103) 0.2 3. 1 149 1.1 1G. I 206 ..4 19. 1 272 2.Z 32.
101 o.1 2. I 150 0.6 9. 1 208 1.0 14. 1 276 0.4. 6.
102 a. 1 1. i 152 0.5 6. 1 210 0.2 3. 1 277 0.2 3.
103 0.0 ... 1...1- 153 . 0.2 .3. 1 211 0.3 4. 1 278 0.5 7.
104 0.4 5. 1 154 0.2 3. 1 22 0.4 6. 1 277 0.5 7.

1 279 0.6 9.
1 280 0.7 l.
1 281 0.7 9.
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